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Formula A 
R3 R4 CROSS - REFERENCE TO RELATED 

APPLICATION 
5 

AL A2 This application claims priority to and the benefit of 
Korean Patent Application No. 10-2015-0166408 , filed on 
Nov. 26 , 2015 , in the Korean Intellectual Property Office , the 
entire content of which is incorporated herein by reference . ( R1 ) c1 ( R2 ) c2 

Formula B 10 R13 
BACKGROUND 

All A12 
15 

( R11c11 ( R12 ) c12 
Formula C 

R23 R24 

* A21 A22 

1. Field 
One or more aspects of embodiments of the present 

disclosure relate to an organic light - emitting device . 
2. Description of the Related Art 
Organic light emitting devices are self - emission devices 

that have wide viewing angles , high contrast ratios , short 
response times , and excellent brightness , driving voltage , 20 
and response speed characteristics , compared to related 
display devices in the art . For example , an organic light 
emitting device may include a first electrode disposed ( e.g. , 
positioned ) on a substrate , and a hole transport region , an 
emission layer , an electron transport region , and a second 25 
electrode , which are sequentially disposed on the first elec 
trode . Holes provided from the first electrode may move 
toward the emission layer through the hole transport region , 
and electrons provided from the second electrode may move 
toward the emission layer through the electron transport 30 
region . Carriers , such as holes and electrons , may then 
recombine in the emission layer to produce excitons . 

( R21 ) c21 ( R22 ) c22 
Formula D 

R33 R34 

A31 A32 

( R31 ) c31 ( R32 ) c32 

35 

. 

SUMMARY wherein , in Formulae A to D , 
ring A , ring A2 , ring Au , ring A12 , ring A21 , ring A22 , One or more aspects of embodiments of the present 

disclosure are directed toward an organic light - emitting ring A31 , and ring A32 may each independently be selected 
device having high efficiency and long lifespan . from a C5 - C30 carbocyclic group and a C1 - C30 heterocyclic 

Additional aspects will be set forth in part in the descrip group , 

tion which follows and , in part , will be apparent from the 40 R , to R4 , R11 to R13 , R21 to R24 , and R31 to R34 may each 
description , or may be learned by practice of the presented independently be selected from hydrogen , deuterium , 
embodiments , Cl , Br , I , a hydroxyl group , a cyano group , a nitro 

According to one or more embodiments , an organic group , an amino group , a substituted or unsubstituted C , -C60 
light - emitting device includes : alkyl group , a substituted or unsubstituted C2 - C60 alkenyl 

a first electrode ; 45 group , a substituted or unsubstituted C2 - C60 alkynyl group , 
a second electrode facing the first electrode ; a substituted or unsubstituted C1 - C60 alkoxy group , a sub 
an emission layer between the first electrode and the stituted or unsubstituted C3 - C10 cycloalkyl group , a substi 

second electrode ; tuted or unsubstituted C7 - C10 heterocycloalkyl group , a 
a hole transport region between the first electrode and the substituted or unsubstituted Cz - C10 cycloalkenyl group , a 

emission layer ; and 50 substituted or unsubstituted C - C10 heterocycloalkenyl 
an electron transport region between the emission layer group , a substituted or unsubstituted Co - C60 aryl group , a 

and the second electrode , substituted or unsubstituted C.-C. aryloxy group , a substi 
wherein the hole transport region includes a first com- tuted or unsubstituted Co - Coo arylthio group , a substituted or 

pound , the emission layer includes a second compound and unsubstituted C - C60 heteroaryl group , a substituted or 
a third compound , and the electron transport region includes 55 unsubstituted monovalent non - aromatic condensed polycy 
a fourth compound and a fifth compound , clic group , a substituted or unsubstituted monovalent non 

wherein the second compound included in the emission aromatic condensed heteropolycyclic group , Si ( Q ) ( Q ) 
layer is a fluorescent host and the third compound included ( Q3 ) , and —N ( Q . ) ( Qs ) , wherein Qi to ls are as defined 
in the emission layer is a fluorescent dopant , herein . 

the first compound and the fourth compound each inde- 60 c1 , c2 , c11 , c12 , c21 , c22 , c31 , and c32 may each 
pendently include at least one group selected from groups independently be an integer selected from 0 to 10 , 
represented by Formulae A to D , R , and Rz may optionally be linked to each other to form 

at least one selected from the second compound and the a saturated or unsaturated ring , R2 and R4 may optionally be 
third compound includes at least one group selected from linked to each other to form a saturated or unsaturated ring , 
groups represented by Formulae A to D , and 65 Rz and R4 may optionally be linked to each other to form a 

the fifth compound includes , as a ring - forming moiety , a saturated or unsaturated ring , R12 and R13 may optionally be 
nitrogen - containing heterocyclic group including * _N linked to each other to form a saturated or unsaturated ring , * . 



4 

Formula A 
R3 R4 

US 10,930,853 B2 
3 

R21 and R23 may optionally be linked to each other to form 
a saturated or unsaturated ring , R23 and R24 may optionally 
be linked to each other to form a saturated or unsaturated 
ring , R22 and R24 may optionally be linked to each other to 
form a saturated or unsaturated ring , R31 and R33 may 
optionally be linked to each other to form a saturated or 
unsaturated ring , and R33 and R34 may optionally be linked 
to each other to form a saturated or unsaturated ring , and ( R1 ) c1 * and * ' each indicate a binding site with a neighboring 
atom . 

5 

AL A2 

( R2 ) c2 
Formula B 10 R13 

BRIEF DESCRIPTION OF THE DRAWINGS 
All A12 

15 

( R11c11 ( R12 ) c12 
Formula C 

These and / or other aspects will become apparent and 
more readily appreciated from the following description of 
the embodiments , taken in conjunction with the accompa 
nying drawings in which : 

FIG . 1 is a schematic view of a structure of an organic 
light - emitting device according to an embodiment ; and 
FIG . 2 is a schematic view of a structure of an organic 

light - emitting device according to another embodiment . 

R23 R24 

20 

* A21 A22 

DETAILED DESCRIPTION ( R21 ) c21 ( R22 ) c22 
25 Formula D 

A31 A32 

40 

Reference will now be made in more detail to embodi - R33 R34 
ments , examples of which are illustrated in the accompany 
ing drawings , wherein like reference numerals refer to like 
elements throughout . In this regard , the present embodi 
ments may have different forms and should not be construed 30 
as being limited to the descriptions set forth herein . Accord 
ingly , the embodiments are merely described below , by ( R31 ) c31 ( R32 ) c32 
referring to the drawings , to explain aspects of the present 
description . Expressions such as “ at least one of , ” “ one of , " In Formulae A to D , ring A , ring Az , ring Au , ring A129 
and “ selected from , ” when preceding a list of elements , 35 ring A21 , ring A22 , ring A31 , and ring A32 may each inde modify the entire list of elements and do not modify the pendently be selected from a C5 - C30 carbocyclic group and individual elements of the list . Further , the use of “ may ” a C , -C30 heterocyclic group . when describing embodiments of the present invention 
refers to “ one or more embodiments of the present inven For example , in Formulae A to D , ring A1 , ring A2 , ring 
tion . ” A11 , ring A12 , ring A21 , ring A22 , ring A31 , and ring Az , may 
An organic light - emitting device according to an embodi each independently be selected from a benzene , a naphtha 

ment of the present disclosure may include : a first electrode , lene , a phenanthrene , an anthracene , a fluorene , a benzo 
a second electrode facing the first electrode , an emission fluorene , a chrysene , a triphenylene , a pyridine , a pyrimi 
layer between the first electrode and the second electrode , a dine , a quinoline , an isoquinoline , a benzoquinoline , a 
hole transport region between the first electrode and the 45 quinoxaline , a quinazoline , phenanthroline , an indole , a 
emission layer ; and an electron transport region between the carbazole , a benzofuran , a benzothiophene , a dibenzofuran , 
emission layer and the second electrode , wherein the hole a dibenzothiophene , and a benzonaphthothiophene . 
transport region may include a first compound , the emission In various embodiments , in Formulae A to D , ring A1 , ring 
layer may include a second compound and a third com- Az , ring A11 , ring A12 , ring A21 , ring A22 , ring A31 , and ring 
pound , and the electron transport region may include a 50 A32 may each independently be selected from a benzene , a 
fourth compound and a fifth compound , wherein the second naphthalene , a fluorene , an anthracene , a phenanthrene , a 
compound included in the emission layer may be a fluores- chrysene , a triphenylene , a carbazole , a dibenzofuran , a 
cent host and the third compound included in the emission dibenzothiophene , and a benzonaphthothiophene . 
layer may be a fluorescent dopant . In Formulae A to D , R , to R4 , R11 to R13 , R21 to R249 and 

The first electrode may be an anode and the second 55 R31 to R34 may each independently be selected from hydro 
electrode may be a cathode . Descriptions of the first elec- gen , deuterium , -F , Cl , Br , — I , a hydroxyl group , a 
trode and the second electrode may be understood by cyano group , a nitro group , an amino group , a substituted or 
referring to the descriptions provided below . unsubstituted C - C60 alkyl group , a substituted or unsubsti 

The first compound and the fourth compound may each tuted C2 - C60 alkenyl group , a substituted or unsubstituted 
independently include at least one group selected from 60 C2 - C . alkynyl group , a substituted or unsubstituted C. - C.0 
groups represented by Formulae A to D below , alkoxy group , a substituted or unsubstituted C3 - C10 cycloal 

at least one selected from the second compound and the kyl group , a substituted or unsubstituted C , -C10 heterocy 
third compound may include at least one group selected cloalkyl group , a substituted or unsubstituted C3 - C10 
from groups represented by Formulae A to D below , and cycloalkenyl group , a substituted or unsubstituted C - C10 

the fifth compound may include , as a ring - forming moi- 65 heterocycloalkenyl group , a substituted or unsubstituted 
ety , a nitrogen - containing heterocyclic group including Co - C60 aryl group , a substituted or unsubstituted C6 - C60 

aryloxy group , a substituted or unsubstituted C.-C. arylthio * _N * . 
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group , a substituted or unsubstituted C - C6 heteroaryl group , an imidazopyrimidinyl group , Si ( Q31 ) ( Q32 ) ( Q33 ) , 
group , a substituted or unsubstituted monovalent non - aro- and —N ( Q34 ) ( Q35 ) ; and 
matic condensed polycyclic group , a substituted or unsub- -Si ( Q . ) ( Q2 ) ( Q3 ) and —N ( Q4 ) ( Q ) , 
stituted monovalent non - aromatic condensed heteropolycy- wherein Q , to Q5 and Q31 to Q35 may each independently 
clic group , Si ( Q . ) ( Q ) ( Q3 ) , and - N ( Q . ) ( Qs ) , wherein Q. 5 be selected from a C -C10 alkyl group , a C - C10 alkoxy 
to 5 are as defined herein . group , a phenyl group , a biphenyl group , a terphenyl group , 

For example , in Formulae A to D , R , to R4 , Ruto R13 , R21 and a naphthyl group . 
to R24 , and R31 to R34 may each independently be selected In various embodiments , in Formulae A to D , R , to R4 , 
from the group consisting of : Rj to R13 , R21 to R24 , and Rz , to R34 may each indepen 

10 dently be selected from the group consisting of : hydrogen , deuterium , —F , C1 , —Br , —I , a hydroxyl hydrogen , deuterium , —F , Cl , Br , -F , C1 , Br , I , a hydroxyl group , a cyano group , a nitro group , a C , -C20 alkyl group , 
and a C , -C20 alkoxy group ; group , a cyano group , a nitro group , an amino group , a 

C - C20 alkyl group , and a C - C20 alkoxy group ; a phenyl group , a biphenyl group , a terphenyl group , a a C - C20 alkyl group and a C2 - C20 alkoxy group , each naphthyl group , a fluorenyl group , a spiro - fluorenyl group , 15 substituted with at least one selected from deuterium , -F , 
a benzofluorenyl group , a dibenzofluorenyl group , a Cl , Br , —I , a hydroxyl group , a cyano group , a nitro 
phenanthrenyl group , an anthracenyl group , a triphenylenyl group , and an amino group ; group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , a phenyl group , a biphenyl group , a terphenyl group , a 
a thiophenyl group , a furanyl group , an imidazolyl group , a fluorenyl group , a naphthyl group , a pyridinyl group , a 
pyrazolyl group , a thiazolyl group , an isothiazolyl group , an 20 pyrimidinyl group , a triazinyl group , a quinolinyl group , an 
oxazolyl group , an isoxazolyl group , a pyridinyl group , a isoquinolinyl group , a quinazolinyl group , a quinoxalinyl 
pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , group , and a carbazolyl group ; 
a quinolinyl group , an isoquinolinyl group , a benzoquinoli- a phenyl group , a biphenyl group , a terphenyl group , a 
nyl group , a quinoxalinyl group , a quinazolinyl group , a fluorenyl group , a naphthyl group , a pyridinyl group , a 
carbazolyl group , a benzoimidazolyl group , a benzofuranyl 25 pyrimidinyl group , a triazinyl group , a quinolinyl group , an 
group , a benzothiophenyl group , an isobenzothiazolyl isoquinolinyl group , a quinazolinyl group , a quinoxalinyl 
group , a benzoxazolyl group , an isobenzoxazolyl group , an group , and a carbazolyl group , each substituted with at least 
oxadiazolyl group , a triazinyl group , a dibenzofuranyl one selected from deuterium , -F , C1 , -Br , —1 , a 
group , a dibenzothiophenyl group , an imidazopyridinyl hydroxyl group , a cyano group , a nitro group , an amino 
group , and an imidazopyrimidinyl group ; 30 group , a C - C10 alkyl group , a C - C10 alkoxy group , and a 

a phenyl group , a biphenyl group , a terphenyl group , a Co - C16 aryl group ; and 
Si ( Q . ) ( Q ) ( Q3 ) and —N ( Q . ) ( Qs ) , naphthyl group , a fluorenyl group , a spiro - fluorenyl group , wherein Qi to may each independently be selected a benzofluorenyl group , a dibenzofluorenyl group , , a from a C , -C10 alkyl group , a C1 - C10 alkoxy group , a phenyl phenanthrenyl group , an anthracenyl group , a triphenylenyl group , a biphenyl group , a terphenyl group , a fluorenyl group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , group , and a naphthyl group . a thiophenyl group , a furanyl group , an imidazolyl group , a In Formulae A to D , c1 , c2 , c11 , c12 , c21 , c22 , c31 , and pyrazolyl group , a thiazolyl group , an isothiazolyl group , an c32 may each independently be an integer selected from 0 to 

oxazolyl group , an isoxazolyl group , a pyridinyl group , a 10. For example , cl indicates the number of R , in Formula 
pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 40 A , wherein when cl is two or more , two or more R ( s ) may 
a quinolinyl group , an isoquinolinyl group , a benzoquinoli- be identical to or different from each other . Descriptions of 
nyl group , a quinoxalinyl group , a quinazolinyl group , a c2 , c11 , c12 , c21 , c22 , c31 , and c32 may be understood by 
carbazolyl group , a benzoimidazolyl group , a benzofuranyl referring to the descriptions provided herein in connection 
group , a benzothiophenyl group , an isobenzothiazolyl with the structures of Formulae A to D and with cl . 
group , a benzoxazolyl group , an isobenzoxazolyl group , an 45 In various embodiments , c1 , c2 , c11 , c12 , c21 , c22 , c31 , 
oxadiazolyl group , a triazinyl group , a dibenzofuranyl and c32 may each independently be 0 or 1 . 
group , a dibenzothiophenyl group , an imidazopyridinyl In Formulae A to D , R , and Rz may optionally be linked 
group , and an imidazopyrimidinyl group , each substituted to each other to form a saturated or unsaturated ring , R2 and 
with at least one selected from deuterium , - F , Cl , Br , R4 may optionally be linked to each other to form a saturated 
-I , a hydroxyl group , a cyano group , a nitro group , an 50 or unsaturated ring , Rz and R4 may optionally be linked to 

amino group , a C2 - C10 alkyl group , a C1 - C10 alkoxy group , each other to form a saturated or unsaturated ring , R12 and 
a phenyl group , a biphenyl group , a terphenyl group , a R13 may optionally be linked to each other to form a 
naphthyl group , a fluorenyl group , a spiro - fluorenyl group , saturated or unsaturated ring , R21 and R23 may optionally be 
a benzofluorenyl group , a dibenzofluorenyl group , a linked to each other to form a saturated or unsaturated ring , 
phenanthrenyl group , an anthracenyl group , a triphenylenyl 55 R23 and R24 may optionally be linked to each other to form 
group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , a saturated or unsaturated ring , R22 and R24 may optionally 
a thiophenyl group , a furanyl group , an imidazolyl group , a be linked to each other to form a saturated or unsaturated 
pyrazolyl group , a thiazolyl group , an isothiazolyl group , an ring , R31 and R33 may optionally be linked to each other to 
oxazolyl group , an isoxazolyl group , a pyridinyl group , a form a saturated or unsaturated ring , and R33 and R34 may 
pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 60 optionally be linked to each other to form a saturated or 
a quinolinyl group , an isoquinolinyl group , a benzoquinoli- unsaturated ring . 
nyl group , a quinoxalinyl group , a quinazolinyl group , a In Formulae A to D , * and ** each indicate a binding site 
carbazolyl group , a benzoimidazolyl group , a benzofuranyl with a neighboring atom . 
group , a benzothiophenyl group , an isobenzothiazolyl In various embodiments , the first compound and the 
group , a benzoxazolyl group , an isobenzoxazolyl group , an 65 fourth compound may each independently include at least 
oxadiazolyl group , a triazinyl group , a dibenzofuranyl one group selected from groups represented by Formulae 
group , a dibenzothiophenyl group , an imidazopyridinyl A - 1 , A - 2 , B - 1 , C - 1 , C - 2 , and D - 1 below , and 

35 
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At least one of the second compound and the third one group selected from groups represented by Formulae 
compound may each independently include at least one A ( 1 ) to A ( 27 ) , B ( 1 ) , B ( 2 ) , C ( 1 ) to C ( 9 ) , and D ( 1 ) to D ( 4 ) 
group selected from groups represented by Formulae A - 1 , below , and 
A - 2 , B - 1 , C - 1 , C - 2 , and D - 1 below : at least one selected from the second compound and the 

third compound may include at least one group selected 
from groups represented by Formulae A ( 1 ) to A ( 26 ) , B ( 1 ) , 

R3 R4 B ( 2 ) , C ( 1 ) to C ( 9 ) , and D ( 1 ) to D ( 4 ) below : 

5 

Formula A - 1 

10 
Al Formula A ( 1 ) 

R3 R4 * 

( R1 ) ( R2 ) c2 
Formula A - 2 

R3 R4 15 

( R1 ) c1 ( R2 ) c2 
A2 

Formula A ( 2 ) 
R3 R4 20 

( R1 ) c1 ( R2 ) c2 
Formula B - 1 

* R13 

25 
( R1c1 ( R2 ) c2 All 

Formula A ( 3 ) 
R3 R4 

( R11c11 ( R12 ) c12 
Formula C - 1 30 

R23 R24 

A22 ( Ri ) c1 ( R2 ) c2 
35 Formula A ( 4 ) 

R3 R4 
( R21 ) 021 ( R22 ) c22 

Formula C - 2 
R23 R24 

* 

40 
( R1 ) ci 

A22 ( R2 ) c2 
** 

Formula A ( 5 ) ( R22 ) c22 
45 

( R21 ) c21 ( R3a ) ca3 ( R4a ) ca4 
Formula D - 1 

R33 R34 
50 

A32 ( Ri ) c1 ( R2 ) c2 

( R31c31 ( R32 ) c32 . 55 

Formula A ( 6 ) 

60 
( R3a ) ca3 ( R4a.ca4 

In Formulae A - 1 , A - 2 , B - 1 , C - 1 , C - 2 , and D - 1 , 
descriptions of A1 , A2 , A11 , A22 , A32 , R , to R4 , R11 to R13 , 

R21 to R24 , and R31 to R34 may be understood by referring 
to the descriptions thereof provided herein , 

descriptions of cl , c2 , c11 , c12 , c21 , c22 , c31 , and c32 
may be understood by referring to the descriptions thereof 
provided herein , and 

* and ** each indicate a binding site with a neighboring 
atom . 

In various embodiments , the first compound and the 
fourth compound may each independently include at least 

65 
( R1 ) c1 ( R2 ) c2 
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-continued -continued 
Formula A ( 7 ) Formula A ( 13 ) 

5 

( R3a ) ca3 ( R4a ) ca4 ( R3a ) ca3 ( R4a ) cat 

10 

( R1 ) c1 ( R2 ) c2 ( R1 ) c1 ( R2 ) c2 

Formula A ( 14 ) Formula A ( 8 ) 

15 

( Rza ) ca3 ( R3a ) ca3 ( R4a ) ca4 ( R4a ) ca4 

( R1 ) c1 20 

( R2 ) c2 ( R1 ) c1 ( R2 ) c2 
Formula A ( 15 ) 

Formula A ( 9 ) 

25 
( Rza ) ca3 ( R4a ) ca4 

( R3a ) ca3 ( R4a ) ca4 $ 30 
( R1 ) c1 ( R2 ) c2 

( R1 ) c1 ( R2 ) c2 Formula A ( 16 ) 
Formula A ( 10 ) 

35 
( Rza ) ca3 ( R4a ) ca4 

( R3a ) ca3 ( R4a ) ca4 

* 

( Rue1 
40 

( R2 ) c2 
( R1 ) c1 ( R2 ) c2 

Formula A ( 17 ) 
Formula A ( 11 ) ( R4a ) ca4 

45 

( R3a ) ca3 ( R4a ) ca4 

50 ( Rza ) ca3 

( R1 ) c1 ( R2 ) c2 

55 ( R1 ) c1 ( R2 ) c2 

Formula A ( 12 ) 

Formula A ( 18 ) 
( R3a ) ca3 ( R4a ) ca4 60 R3 R4 ( R2 ) c2 

*** 

( R1 ) c1 
( R2 ) c2 65 

( R1 ) c1 
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-continued -continued 
Formula A ( 19 ) Formula A ( 25 ) 

R3 R4 

5 ( Ribebi 
R3 R4 

( R2 ) c2 
( R1 ) c1 

10 Formula A ( 20 ) 
R3 R4 

( Ric ) cal ( R2 ) c2 
* Formula A ( 26 ) 

15 
R3 R4 

( R1 ) c1 

( R2 ) 2 ( R1b ) cb1 
20 

Formula A ( 21 ) 
R3 R4 ( R2a ) ca2 ( Rla ) cal ( R2 ) c2 

Formula A ( 27 ) 
* 

25 o en ( R1 ) c1 - ( R3a ) ca3 
( Ri ) c1 

( R2b ) cb2 
30 Formula A ( 22 ) 

R3 R4 ( R2a ) ca2 

( R2 ) c2 *** 

35 Formula B ( 1 ) 
* R13 

( R1e1 
" ( R2b ) cb2 

Formula A ( 23 ) 40 

( R20 ) cb2 ( R11c11 ( R12 ) c12 
Formula B ( 2 ) 

* 
R3 R4 R13 

( R2c ) cc2 45 ( R11a ) call 

* 

( R1 ) ci ( R12 ) c12 ( R2a ) ca2 50 

( R11b ) cb11 
Formula A ( 24 ) 55 

( Rib ) cb1 
Formula C ( 1 ) R3 R4 R23 R24 

60 

( Ric ) cal ( R2 ) c2 ( Ric ) cel 65 ( R21 ) 621 ( R22 ) c22 
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-continued -continued 
Formula C ( 2 ) Formula C ( 7 ) 

R23 R24 R23 R24 

( R22 ) c22 5 
* * 

( R21 ) 621 
10 

( R22 ) c22 ( R21 ) 021 

Formula C ( 3 ) Formula C ( 8 ) 
( R22b ) cb22 ( R22b ) cb22 

R23 R24 15 

R23 R24 * 

20 * 

( R21 ) c21 

( R22a ) ca22 ( R21 ) c21 

Formula C ( 4 ) 25 
R23 R24 ( R22a ) ca22 

( R22a ) ca22 Formula C ( 9 ) 
* R23 R24 

30 ( R22a ) ca22 ( R22b ) cb22 
* ( R21 ) : 21 

( R21 ) c21 35 ( R22b ) cb22 
Formula D ( 1 ) 

R33 R34 

( R32a ) ca32 
Formula C ( 5 ) 40 

R23 R24 

* ( R32b ) cb32 
( R226 ) cb22 45 

( R31 ) c31 
( R21 ) 021 

Formula D ( 2 ) 
R33 R34 

50 
( R22a ) ca22 

( R31 ) c31 * ( R32 ) c32 
Formula C ( 6 ) 55 

** R23 R24 
Formula D ( 3 ) 

( R22 ) ca22 
R33 R34 * * 

60 

( R226 ) cb2 
( R31 ) c31 

65 ( R21c21 ( R32 ) c32 
* 
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-continued 
Formula D ( 4 ) Formula 1-1 

R33 R34 ( L2 ) a2- Ar2 

( R32 ) c32 Ar? - ( Liar 
5 

( L3 ) a3— Arz 
Formula 1-2 

www 

10 

Formula 2-2 
15 

/ 

25 

X 11 

30 

Ar1— ( L1 ) al ( L3 ) 23– Ar3 ( R31 ) c31 N— ( Ls ) as - N 
Ar2 - ( L2 ) a2 ( L4 ) 94 - Art 

In Formulae A ( 1 ) to A ( 27 ) , B ( 1 ) to B ( 6 ) , C ( 1 ) to C ( 9 ) and Formula 2-1 

D ( 1 ) to D ( 4 ) , [ R41— ( L12 ) a127,12 441+ ( 111a11 Arjul , 11 
descriptions of R , to R4 , R11 to R13 , R21 to R24 , R31 to R34 

may be understood by referring to the descriptions thereof ( R41 ) c41 - ( L11a11 Aru 
provided herein , Formula 3-1 

, ( L22 ) a22 — Ar22 descriptions of c1 , c2 , c11 , c12 , c21 , c22 , c31 , and c32 
may be understood by referring to the descriptions thereof Ar21- - ( L21a21 
provided herein , ( L23 ) a23 — Ar23 

descriptions of Rza , R2b , and R2c may each independently 20 Formula 3-2 
be the same as the description of R2 provided herein , Ar21— ( L21 ) a21 ( L23 ) a23 — Ar23 ) descriptions of ca2 , cb2 , and cc2 may each independently - ( L25 ) a25 - N be the same as the description of c2 provided herein , 

Ar22— ( L22 ) a22 ( L4 ) a24 Ar24 a description of Rza may be the same as the description of 
Formula 4-1 Rz provided herein , ( L31 ) a31— Ar31 a description of Rua may be the same as the description of 

R4 provided herein , 
X13 a description of ca3 may be the same as the description of 11 c3 provided herein , X1 

a description of ca4 may be the same as the description of Ar321 - ( L32 ) a32 xiz 
c4 provided herein , Formula 4-2 

descriptions of Rlla and R116 may each independently be [ E41— ( L32 ) a32 7-22 Asi ( L31 ) 231 — Ar31 ] n21 
the same as the description of Ru provided herein , Formula 4-3 

[ E41— ( L31 ) a311,21 Ar31 descriptions of call and cb11 may each independently be 35 
the same as the description of cll provided herein , Formula 5-1 

( L41 ) a41— Ar41 descriptions of R22a and R226 may each independently be 
the same as the description of R22 provided herein , 

* X21 descriptions of ca22 and cb22 may each independently be 
the same as the description of c22 provided herein , 

descriptions of R32a and R326 may each independently be Ar43 - ( L43 ) a43 X22 ( L42 ) a42 
the same as the description of R32 provided herein , Formula 5-2 

descriptions of ca32 and cb32 may each independently be [ R71 ( L42 ) 042 1,3 A61 F ( L41 ) 941E51 ] n31 · 
the same as the description of c32 provided herein , 

descriptions of Ri? , Rio , and Rie may each independently 
be the same as the description of R , provided herein , In Formula 4-1 , X , may be C- ( L33 ) 233 - Arzz or N , X11 may 

descriptions of cal , cb1 , and cel may each independently be C- ( L34 ) 234- ( R31 ) or N , X 2 may be C- ( L35 ) 235- ( R $ 2 ) or N , 
be the same as the description of cl provided herein , and and X13 may be C- ( L36 ) 236- ( R53 ) or N , wherein at least one 

selected from X , and X11 to X13 may be N. * and ** each each indicate a binding site with a neigh In various embodiments , in Formula 4-1 , boring atom . 
In various embodiments , the first compound may be i ) X , may be C- ( L33 ) 233 - Ar33 , and X11 to X13 may be N , 

selected from compounds represented by Formulae 1-1 and ii ) X , may be C- ( L33 ) a33 - Ar 33 , X11 and X13 may be N , and 
1-2 below , X 2 may be C- ( L35 ) 235- ( R $ 2 ) , or 

the second compound may be selected from compounds iii ) X , may be N , X may be C- ( L34 ) 234- ( R31 ) , X12 may 
represented by Formulae 2-1 and 2-2 below , be C- ( L35 ) 235- ( R52 ) , and X13 may be N. 

the third compound may be selected from compounds In Formula 5-1 , X21 may be C- ( L44 ) 944- ( R61 ) or N , X22 
represented by Formulae 3-1 and 3-2 below , may be C- ( L45 ) 445- ( R62 ) or N , and X23 may be C- ( L46 ) 446 

the fourth compound may include , as a ring - forming 60 ( R63 ) or N , wherein at least one selected from X21 to X23 
moiety , a nitrogen - containing heterocyclic group including 

* T , and may be selected from groups represented by In various embodiments , in Formula 5-1 , 
one of Formulae 4-1 to 4-3 below , and i ) X21 to X23 may each be N , 

the fifth compound may include , as a ring - forming moi- ii ) X21 and X22 may be N , and X23 may be C- ( L46 ) 446 
ety , a nitrogen - containing heterocyclic group including 65 ( R63 ) , or 
* —N— * ' , and may be selected from compounds repre- iii ) X21 may be N , X22 may be C- ( L45 ) 245- ( R62 ) , and X23 
sented by Formulae 5-1 and 5-2 below : may be C- ( L46 ) 946- ( R63 ) . 

X23 
40 

Ar42 

n32 

45 

50 

55 

may be N. 
* N 
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In Formulae 2-1 , 4-2 , and 5-2 , A41 , A51 , and A61 may each group , a phenalenylene group , a phenanthrenylene group , an 
independently be selected from a C. - C30 carbocyclic group anthracenylene group , a fluoranthenylene group , a triph 
and a C2 - C30 heterocyclic group . enylenylene group , a pyrenylene group , a chrysenylene 

For example , in Formulae 2-1 , 4-2 , and 5-2 , A41 , A519 and group , a naphthacenylene group , a picenylene group , a 
A61 may each independently be selected from a naphthalene , 5 perylenylene group , a pentaphenylene group , a hexace 
a heptalene , a fluorene , a spiro - fluorene , a benzofluorene , a nylene group , a pentacenylene group , a rubicenylene group , 
dibenzofluorene , a phenalene , a phenanthrene , an anthra- a coronenylene group , an ovalenylene group , a pyrrolylene 
cene , a fluoranthene , a triphenylene , a pyrene , a chrysene , a group , a thiophenylene group , a furanylene group , an imi 
naphthacene , a picene , a perylene , a pentaphene , and an dazolylene group , a pyrazolylene group , a thiazolylene 
indenoanthracene . 10 group , an isothiazolylene group , an oxazolylene group , an 

In various embodiments , in Formulae 2-1 , 4-2 , and 5-2 , isoxazolylene group , a pyridinylene group , a pyrazinylene 
A41 , A51 , and A61 may each independently be selected from group , a pyrimidinylene group , a pyridazinylene group , an 
a benzene , a naphthalene , an anthracene , and a triphenylene , isoindolylene group , an indolylene group , an indazolylene 
but are not limited thereto . group , a purinylene group , a quinolinylene group , an iso 

In the formulae above , L? to L5 , L11 , L 12 , L21 to L25 , L31 15 quinolinylene group , a benzoquinolinylene group , a phtha 
to L36 , and L41 to L46 may each independently be selected lazinylene group , a naphthyridinylene group , a quinoxali 
from : nylene group , a quinazolinylene group , a cinnolinylene 

a group represented by Formula C above , a group repre- group , a carbazolylene group , a phenanthridinylene group , 
sented by Formula D above , a substituted or unsubstituted an acridinylene group , a phenanthrolinylene group , a 
C3 - C10 cycloalkylene group , a substituted or unsubstituted 20 phenazinylene group , a benzoimidazolylene group , a ben 
C - Coheterocycloalkylene group , a substituted or unsub- zofuranylene group , a benzothiophenylene group , an isoben 
stituted C3 - C10 cycloalkenylene group , a substituted or zothiazolylene group , a benzoxazolylene group , an isoben 
unsubstituted C - C10 heterocycloalkenylene group , a substi- zoxazolylene group , a triazolylene group , a tetrazolylene 
tuted or unsubstituted C.-C. arylene group , a substituted or group , an oxadiazolylene group , a triazinylene group , a 
unsubstituted C.-C. heteroarylene group , a substituted or 25 dibenzofuranylene group , a dibenzothiophenylene group , a 
unsubstituted divalent non - aromatic condensed polycyclic benzocarbazolylene group , a dibenzocarbazolylene group , a 
group , and a substituted or unsubstituted divalent non- thiadiazolylene group , an imidazopyridinylene group , and 
aromatic condensed heteropolycyclic group . an imidazopyrimidinylene group , each substituted with at 

For example , in the formulae above , L , to L5 , L11 , L12 , least one selected from deuterium , F , Cl , Br , -I , a 
L21 to L25 , L31 to L36 , and L41 to L46 may each indepen- 30 hydroxyl group , a cyano group , a nitro group , a C - C20 alkyl 
dently be selected from the group consisting of : group , a C - C20 alkoxy group , a cyclopentyl group , a cyclo 

a group represented by Formula C above , a group repre- hexyl group , a cycloheptyl group , a cyclopentenyl group , a 
sented by Formula D above , a phenylene group , a pental- cyclohexenyl group , a phenyl group , a biphenyl group , a 
enylene group , an indenylene group , a naphthylene group , terphenyl group , a pentalenyl group , an indenyl group , a 
an azulenylene group , a heptalenylene group , an indace- 35 naphthyl group , an azulenyl group , a heptalenyl group , an 
nylene group , an acenaphthylene group , a phenalenylene indacenyl group , an acenaphthyl group , a fluorenyl group , a 
group , a phenanthrenylene group , an anthracenylene group , spiro - fluorenyl group , a benzofluorenyl group , a dibenzo 
a fluoranthenylene group , a triphenylenylene group , a pyre- fluorenyl group , a phenalenyl group , a phenanthrenyl group , 
nylene group , a chrysenylene group , a naphthacenylene an anthracenyl group , a fluoranthenyl group , a triphenylenyl 
group , a picenylene group , a perylenylene group , a penta- 40 group , a pyrenyl group , a chrysenyl group , a naphthacenyl 
phenylene group , a hexacenylene group , a pentacenylene group , a picenyl group , a perylenyl group , a pentaphenyl 
group , a rubicenylene group , a coronenylene group , an group , a hexacenyl group , a pentacenyl group , a rubicenyl 
ovalenylene group , a pyrrolylene group , a thiophenylene group , a coronenyl group , an ovalenyl group , a pyrrolyl 
group , a furanylene group , an imidazolylene group , a pyra- group , a thiophenyl group , a furanyl group , an imidazolyl 
zolylene group , a thiazolylene group , an isothiazolylene 45 group , a pyrazolyl group , a thiazolyl group , an isothiazolyl 
group , an oxazolylene group , an isoxazolylene group , a group , an oxazolyl group , an isoxazolyl group , a pyridinyl 
pyridinylene group , a pyrazinylene group , a pyrimidinylene group , a pyrazinyl group , a pyrimidinyl group , a pyridazinyl 
group , a pyridazinylene group , an isoindolylene group , an group , an isoindolyl group , an indolyl group , an indazolyl 
indolylene group , an indazolylene group , a purinylene group , a purinyl group , a quinolinyl group , an isoquinolinyl 
group , a quinolinylene group , an isoquinolinylene group , a 50 group , a benzoquinolinyl group , a phthalazinyl group , a 
benzoquinolinylene group , a phthalazinylene group , a naph- naphthyridinyl group , a quinoxalinyl group , a quinazolinyl 
thyridinylene group , a quinoxalinylene group , a quinazoli- group , a cinnolinyl group , a carbazolyl group , 
nylene group , a cinnolinylene group , a carbazolylene group , phenanthridinyl group , an acridinyl group , a phenanthrolinyl 
a phenanthridinylene group , an acridinylene group , a group , a phenazinyl group , a benzoimidazolyl group , a 
phenanthrolinylene group , a phenazinylene group , a benzo- 55 benzofuranyl group , a benzothiophenyl group , an isobenzo 
imidazolylene group , a benzofuranylene group , a benzothi- thiazolyl group , a benzoxazolyl group , an isobenzoxazolyl 
ophenylene group , an isobenzothiazolylene group , a benzo- group , a triazolyl group , a tetrazolyl group , an oxadiazolyl 
xazolylene group , isobenzoxazolylene group , group , a triazinyl group , a dibenzofuranyl group , a diben 
triazolylene group , a tetrazolylene group , an oxadiazolylene zothiophenyl group , a benzocarbazolyl group , a dibenzocar 
group , a triazinylene group , a dibenzofuranylene group , a 60 bazolyl group , a thiadiazolyl group , an imidazopyridinyl 
dibenzothiophenylene group , a benzocarbazolylene group , a group , and an imidazopyrimidinyl group . 
dibenzocarbazolylene group , a thiadiazolylene group , an In various embodiments , in the formulae above , L , to L5 , 
imidazopyridinylene group , and an imidazopyrimidinylene L11 , L 12 , L21 to L25 , L3 , to L36 , and L4 , to Lag may each 

independently be selected from a group represented by 
a phenylene group , a pentalenylene group , an indenylene 65 Formula C above , a group represented by Formula D above , 

group , a naphthylene group , an azulenylene group , a hep- and a group represented by any of Formulae 6-1 to 6-44 
talenylene group , an indacenylene group , an acenaphthylene below : 

a 

an a 

group ; and 
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-continued 
Formula 6-1 Formula 6-10 

( Z1 ) d4 ( Z1 ) d3 

5 

? * 

Formula 6-11 Formula 6-2 ( Z1 ) d3 ( Z ) da * 

10 

Formula 6-12 
Formula 6-3 ( Z1 ) d3 

( Z1 ) d3 * 15 

( Z2 ) 23 * 
. * Formula 6-13 

( 21 ) d3 
20 

Formula 6-4 
( Z1 ) d3 

( Z2 ) d3 Formula 6-14 
( 21 ) d3 25 * 

Formula 6-5 Formula 6-15 * 

30 ( Z1 ) d3 
- ( Z1 ) d6 
** ' 

Formula 6-6 
Formula 6-16 

35 ( Z1 ) 02 * * * 

40 Formula 6-17 
( Z1 ) d6 ( Z1 ) d2 

Formula 6-7 

* 

45 Formula 6-18 
N. ( Z1 ) d2 
? * * 

( Z1 ) d6 
50 

Formula 6-8 Formula 6-19 
( 21 ) 2 

N 

* 55 

Formula 6-20 
( 21 ) 2 

( Z1 ) d8 60 

Formula 6-9 Formula 6-21 
* ( Z1 ) d2 

- ( Z1 ) d8 
65 
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-continued -continued 
Formula 6-22 Formula 6-31 

( Z1 ) d2 
( Z1 ) d4 

5 

( Z2 ) d3 
* 

Formula 6-23 
( 21 ) d2 

10 

Formula 6-32 
* * ( Z1 ) d4 

Formula 6-24 
Zi C 15 ( Z2 ) 

N 

Formula 6-33 
( Z1 ) do Formula 6-25 20 

* 

- ( Z1 ) d3 * 

- ( Z2 ) d5 25 

Formula 6-26 Formula 6-34 
( 21 ) d4 

30 
* ( Z1 ) d2 

Formula 6-27 
* 

Formula 6-35 
35 

* ( Z1 ) 2 
Formula 6-28 

( Z ) da - ( Z1 ) 

40 
- ( Z2 ) d5 

* 
* N 

45 Formula 6-36 

*** 

Formula 6-29 
( 21 ) d5 

50 a 8 
( Z1 ) as 55 

Formula 6-37 

Formula 6-30 
( Z1 ) d5 60 

65 

( Z1 ) as 
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Formula 6-43 Formula 6-38 ( Z1 ) d3 * 

Y1 
5 

* 

10 

( Z2 ) d5 
( 21 ) d8 Formula 6-44 

Formula 6-39 ( Z1 ) d4 
N 

15 

( Z2 ) d4 
20 

( Z ) da 

( Z2 ) da 
Formula 6-40 

25 

( Z1 ) d4 

( Z2 ) d4 

35 

Formula 6-41 

In Formulae 6-1 to 6-44 , 
Y? may be selected from O , S , N ( Z3 ) , and Si ( Z4 ) ( 25 ) , 
Z to Z , may each independently be selected from hydro 

gen , deuterium , -F , C1 , Br , I , a hydroxyl group , a 
cyano group , a nitro group , an amino group , a C -C20 alkyl 
group , a C - C20 alkoxy group , a phenyl group , a biphenyl 
group , a terphenyl group , a naphthyl group , a fluorenyl 

30 group , a spiro - fluorenyl group , a benzofluorenyl group , a 
dibenzofluorenyl group , a phenanthrenyl group , an anthra 
cenyl group , a pyrenyl group , a chrysenyl group , a pyridinyl 
group , a pyrazinyl group , a pyrimidinyl group , a pyridazinyl 
group , a quinolinyl group , an isoquinolinyl group , a qui 
noxalinyl group , a quinazolinyl group , a carbazolyl group , a 
triazinyl group , and Si ( Q33 ) ( Q34 ) ( Q35 ) , 

wherein Q33 to Q35 may each independently be selected 
from a C7 - C10 alkyl group , a C - C10 alkoxy group , a phenyl 
group , a biphenyl group , a terphenyl group , and a naphthyl 

40 group , 
d2 may be 1 or 2 , 
d3 may be an integer selected from 1 to 3 , 
d4 may be an integer selected from 1 to 4 , 
d5 may be an integer selected from 1 to 5 , 
do may be an integer selected from 1 to 6 , 
d8 may be an integer selected from 1 to 8 , and 
* and ** each indicate a binding site with a neighboring 

atom . 

In various embodiments , L? to L5 , L11 , L21 to L25 , L31 to 
L36 , and L41 to L43 may each independently be selected from 
a group represented by Formula C above , a group repre 
sented by Formula D above , and a group represented by any 
of Formulae 7-1 to 7-39 below : 

45 

( Z1 ) d4 

( Z2 ) da 
* 

50 

Formula 6-42 
55 

Formula 7-1 

60 
( Z1 ) d5 

Formula 7-2 * 
* 

65 N 
( Z2 ) d5 
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-continued -continued 
Formula 7-3 Formula 7-12 

*** 

5 

* 

Formula 7-4 

Formula 7-13 10 

N 

Formula 7-5 

15 

Formula 7-6 * 

20 

Formula 7-14 Formula 7-7 

* 

25 

Formula 7-15 

Formula 7-8 
30 

* 

Formula 7-16 
F 

35 

Formula 7-9 

F ** 
* 40 

F 

Formula 7-17 

45 
Formula 7-10 N 

F 

F N 

Formula 7-18 
50 

F 

F 

55 

Formula 7-11 

60 Formula 7-19 

* os 65 
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-continued -continued 
Formula 7-20 Formula 7-29 

5 

* 

10 
Formula 7-21 

Formula 7-30 

* 
15 

Formula 7-22 

Formula 7-31 

Formula 7-23 20 

D. 

25 
D 

Formula 7-32 
Formula 7-24 

30 

* 

35 

Formula 7-25 

Formula 7-33 
40 

Formula 7-26 

* 
45 

Formula 7-27 50 
* 

* 

55 Formula 7-34 

Formula 7-28 

60 

65 
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* 

Formula 7-36 

.N 

20 
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-continued descriptions provided herein in connection with the struc 
tures of Formulae 1-1 , 1-2 , 2-1 , 2-2 , 3-1 , 3-2 , 4-1 to 4-3 , 5-1 , 
and 5-2 and with al . 

In various embodiments , al to a4 , all , a12 , a21 to a24 , 
5 a31 to a36 , and a41 to a46 may each independently be 0 or 

1 , and a5 and a25 may each independently be 1 or 2 . 
In the formulae above , Ar , to Art , Ar 11 , Ar21 to Ar 24 , Ar31 

to Ar33 , Ar41 to Ar43 , E41 , and E5? may each independently 
be selected from a group represented by Formula A above , 

10 a group represented by Formula B above , a substituted or 
unsubstituted C3 - C10 cycloalkyl group , a substituted or 
unsubstituted C - C10 heterocycloalkyl group , a substituted 
or unsubstituted C3 - C10 cycloalkenyl group , a substituted or 
unsubstituted C , -C10 heterocycloalkenyl group , a substi 

15 tuted or unsubstituted Co - C60 aryl group , a substituted or 
unsubstituted C , -C60 heteroaryl group , a substituted or 
unsubstituted monovalent non - aromatic condensed polycy 
clic group , and a substituted or unsubstituted monovalent 
non - aromatic condensed heteropolycyclic group . 

For example , Ar ; to Ar4 , Ar11 , Ar21 to Ar24 , Ar31 to Ar 33 , 
Ar41 to Ar43 , E41 , and Es? may each independently be 
selected from the group consisting of : 

Formula 7-37 a group represented by Formula A above , a group repre 
sented by Formula B above , a phenyl group , a biphenyl 

25 group , a terphenyl group , a pentalenyl group , an indenyl 
group , a naphthyl group , an azulenyl group , a heptalenyl 
group , an indacenyl group , an acenaphthyl group , a phe 
nalenyl group , a phenanthrenyl group , an anthracenyl group , 
a fluoranthenyl group , a triphenylenyl group , a pyrenyl 

30 group , a chrysenyl group , a naphthacenyl group , a picenyl 
group , a perylenyl group , a pentaphenyl group , a hexacenyl 
group , a pentacenyl group , a rubicenyl group , a coronenyl 
group , an ovalenyl group , a pyrrolyl group , a thiophenyl 
group , a furanyl group , an imidazolyl group , a pyrazolyl 

35 group , a thiazolyl group , an isothiazolyl group , an oxazolyl 
group , an isoxazolyl group , a pyridinyl group , a pyrazinyl 
group , a pyrimidinyl group , a pyridazinyl group , an isoin 
dolyl group , an indolyl group , an indazolyl group , a purinyl 
group , a quinolinyl group , an isoquinolinyl group , a benzo 

40 quinolinyl group , a phthalazinyl group , a naphthyridinyl 
group , a quinoxalinyl group , a quinazolinyl group , a cinno 
linyl group , a carbazolyl group , a phenanthridinyl group , an 
acridinyl group , a phenanthrolinyl group , a phenazinyl 
group , a benzoimidazolyl group , a benzofuranyl group , a 

45 benzothiophenyl group , a benzothiazolyl group , an isoben 
zothiazolyl group , a benzoxazolyl group , an isobenzoxa 
zolyl group , a triazolyl group , a tetrazolyl group , an oxadi 
azolyl group , a triazinyl group , a benzocarbazolyl group , a 
dibenzocarbazolyl group , a thiadiazolyl group , an imida 

50 zopyridinyl group , and an imidazopyrimidinyl group ; and 
a phenyl group , a biphenyl group , a terphenyl group , a 

pentalenyl group , an indenyl group , a naphthyl group , an 
azulenyl group , a heptalenyl group , an indacenyl group , an 
acenaphthyl group , a phenalenyl group , a phenanthrenyl 

55 group , an anthracenyl group , a fluoranthenyl group , a triph 
In Formulae 7-1 to 7-39 , and ** each indicate a binding enylenyl group , a pyrenyl group , a chrysenyl group , a 

site with a neighboring atom , and “ D ” may refer to deute naphthacenyl group , a picenyl group , a perylenyl group , a 
rium . pentaphenyl group , a hexacenyl group , a pentacenyl group , 

a rubicenyl group , a coronenyl group , an ovalenyl group , a 
In the formulae above , al to a5 , all , a12 , a21 to a25 , a31 60 pyrrolyl group , a thiophenyl group , a furanyl group , an to a36 , and a41 to a46 may each independently be an integer imidazolyl group , a pyrazolyl group , a thiazolyl group , an 

selected from 0 to 3. In the formulae above , al indicates the isothiazolyl group , an oxazolyl group , an isoxazolyl group , 
number of L? in Formulae 1-1 and 1-2 , wherein when al is a pyridinyl group , a pyrazinyl group , a pyrimidinyl group , a 
0 , * - ( L1 ) a1 - ** indicates a single bond . When al is two or pyridazinyl group , an isoindolyl group , an indolyl group , an 
more , two or more L ( s ) may be identical to or different from 65 indazolyl group , a purinyl group , a quinolinyl group , an 
each other . Descriptions of a2 to a5 , all , a12 , a21 to a25 , a31 isoquinolinyl group , a benzoquinolinyl group , a phthalazinyl 
to a36 , and a41 to a46 may be understood by referring to the group , a naphthyridinyl group , a quinoxalinyl group , a 

* * 

Formula 7-38 

** 

Formula 7-39 

** 
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Formula 8-2 
( Zwet * 

N 

Formula 8-3 
( 211 ) 4 

10 

N 

Formula 8-4 
( Z11 ) e3 * 

15 

Formula 8-5 
( Z11 ) e3 * 

Formula 8-6 
25 ( Z11 ) e3 
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quinazolinyl group , a cinnolinyl group , a carbazolyl group , 
an azacarbazolyl group , a phenanthridinyl group , an acridi 
nyl group , a phenanthrolinyl group , a phenazinyl group , a 
benzoimidazolyl group , a benzofuranyl group , a benzothi 
ophenyl group , a benzothiazolyl group , an isobenzothiazolyl 5 
group , a benzoxazolyl group , an isobenzoxazolyl group , a 
triazolyl group , a tetrazolyl group , an oxadiazolyl group , a 
triazinyl group , a benzocarbazolyl group , a dibenzocarba 
zolyl group , a thiadiazolyl group , an imidazopyridinyl 
group , and an imidazopyrimidinyl group , each substituted 
with at least one selected from deuterium , -F , Cl , Br , 
-I , a hydroxyl group , a cyano group , a nitro group , an 

amino group , a C - C20 alkyl group , a C1 - C20 alkoxy group , 
a cyclopentyl group , a cyclohexyl group , a cycloheptyl 
group , a cyclopentenyl group , a cyclohexenyl group , a 
phenyl group , a biphenyl group , a terphenyl group , a pen 
talenyl group , an indenyl group , a naphthyl group , an 
azulenyl group , a heptalenyl group , an indacenyl group , an 
acenaphthyl group , a fluorenyl group , a spiro - fluorenyl 
group , a benzofluorenyl group , a dibenzofluorenyl group , a 
phenalenyl group , a phenanthrenyl group , an anthracenyl 20 
group , a fluoranthenyl group , a triphenylenyl group , a pyre 
nyl group , a chrysenyl group , a naphthacenyl group , a 
picenyl group , a perylenyl group , a pentaphenyl group , a 
hexacenyl group , a pentacenyl group , a rubicenyl group , a 
coronenyl group , an ovalenyl group , a pyrrolyl group , a 
thiophenyl group , a furanyl group , an imidazolyl group , a 
pyrazolyl group , a thiazolyl group , an isothiazolyl group , an 
oxazolyl group , an isoxazolyl group , a pyridinyl group , a 
pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 
an isoindolyl group , an indolyl group , an indazolyl group , a 
purinyl group , a quinolinyl group , an isoquinolinyl group , a 
benzoquinolinyl group , a phthalazinyl group , a naphthyridi 
nyl group , a quinoxalinyl group , a quinazolinyl group , a 
cinnolinyl group , a carbazolyl group , an azacarbazolyl 
group , a phenanthridinyl group , an acridinyl group , a 
phenanthrolinyl group , a phenazinyl group , a benzoimida- 35 
zolyl group , a benzofuranyl group , a benzothiophenyl group , 
a benzothiazolyl group , an isobenzothiazolyl group , a ben 
zoxazolyl group , an isobenzoxazolyl group , a triazolyl 
group , a tetrazolyl group , an oxadiazolyl group , a triazinyl 
group , a benzocarbazolyl group , a dibenzocarbazolyl group , 40 
a thiadiazolyl group , an imidazopyridinyl group , an imida 
zopyrimidinyl group , and — Si ( Q1 ) ( Q2Q33 ) , 

wherein Q31 to Q33 may each independently be selected 
from hydrogen , deuterium , -F , Cl , Br , -I , a hydroxyl 
group , a cyano group , a nitro group , an amino group , a 45 
C - C20 alkyl group , a C , -C20 alkoxy group , a phenyl group , 
a biphenyl group , a terphenyl group , a naphthyl group , a 
fluorenyl group , a spiro - fluorenyl group , a benzofluorenyl 
group , a dibenzofluorenyl group , a phenanthrenyl group , an 
anthracenyl group , a pyrenyl group , a chrysenyl group , a 50 
pyridinyl group , a pyrazinyl group , a pyrimidinyl group , a 
pyridazinyl group , a quinolinyl group , an isoquinolinyl 
group , a quinoxalinyl group , a quinazolinyl group , a carba 
zolyl group , and a triazinyl group . 

In various embodiments , Ar? to Ar4 , Ar11 , Ar21 to Ar 24 , 55 
Arz? to Arzz , Arai to Ar 43 , E41 , and Es? may each indepen 
dently be selected from a group represented by Formula A 
above , a group represented by Formula B above , and a group 
represented by any of Formulae 8-1 to 8-82 below : 

30 Formula 8-7 
( Z11 ) e3 
N 

Formula 8-8 
( Zvez 

N 

Formula 8-9 

( Z11 ) er 

Formula 8-10 

- ( ZWeb 
N 

Formula 8-11 

N 
- ( Z11 ) er 

60 
Formula 8-12 

Formula 8-1 
( Z11 ) e4 - ( Z11 ) er * 

65 
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-continued -continued 
Formula 8-13 Formula 8-26 

- ( Z11 ) ( Z11 ) es 
5 

* 

Formula 8-27 

Formula 8-14 
- ( Zwes 

N N 10 
- ( Z11 ) e6 

Formula 8-28 

- ( Z11 ) es 
Formula 8-15 

15 N 
Formula 8-29 ( Z11 ) 

N 

- ( Z11e5 
20 

Formula 8-16 
Formula 8-30 

N 
( Z11 ) er - ( Z11 ) es 

Formula 8-17 25 Formula 8-31 
N 

- ( Z11 ) e6 - ( Z11 ) es 
N. 

* 

Formula 8-18 30 Formula 8-32 
N 

( Z11 ) e6 - ( Z11 ) e5 

Formula 8-19 
35 Formula 8-33 

( Z11 ) e6 A - ( Z11 ) e5 
Formula 8-20 

40 Formula 8-34 
( Z11 ) 

( Z11 ) es * 

Formula 8-21 * 

Formula 8-35 
45 

( Z11 ) er 
N ( Z11 ) es * 

Formula 8-22 

Formula 8-36 
50 - ( Z11e6 

- ( Z11 ) es 
Formula 8-23 

Formula 8-37 ( Z11 ) es 55 

N - ( Z1 ) es 
Formula 8-24 ? G - ( Z11e5 60 

Formula 8-38 

Formula 8-25 
- ( Z11 ) es 

- ( Z11 ) es 
65 

** 
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Formula 8-39 Formula 8-49 

• ( Zwes 
5 - ( Z11 ) es 

Formula 8-40 
Formula 8-50 

10 
- ( Z11 ) es 

N 
/ ( Z11 ) e4 

* 212 ?? 
?? ? 

Formula 8-41 15 Formula 8-51 
212 

- ( Z11 ) es 
• ( Zwet 

20 

Formula 8-52 
Formula 8-42 

N 

- ( Z11e5 - ( Z11 ) e3 25 
212 

Formula 8-53 * 

212 Formula 8-43 

N 
30 ( Z11 ) es ( Zwe3 

Formula 8-54 

Formula 8-44 35 

- ( Z11 ) e4 
( Z11 ) e5 212 

Formula 8-55 
212 40 

Formula 8-45 

- ( Z11 ) 4 
( Z11 ) es 

Formula 8-56 
45 * 

Formula 8-46 " ( Z11 ) e2 
Formula 8-57 

( Z11e5 50 

* ( Z11 ) e2 
Formula 8-47 Formula 8-58 

N Zu1 55 

( Z11 ) es Y 212 

60 Formula 8-59 
Formula 8-48 

?? - ( Z11 ) es 

65 ( Z11 ) e4 
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Formula 8-60 Formula 8-69 

* 
S 

- ( Z11 ) 5 

- ( Z12 ) e3 " ( Zwet 
Formula 8-61 

( Z11 ) e5 Formula 8-70 10 

Formula 8-62 
* 15 

- ( Z11 ) e7 ( Z11 ) e4 

Formula 8-63 ( Z12 ) es 
20 Formula 8-71 do ( Z11 ) e7 * 

Formula 8-64 25 

( Z11 ) es 

- ( Z11 ) ( Z12 ) e4 
30 

Formula 8-72 

Formula 8-65 . ( Zwet 
( Z12 ) e5 

* 

35 

- ( Z11 ) . Formula 8-73 
( Z11 ) e3 

Y 11 Formula 8-66 
* 40 

( Z12 ) e4 

- ( Z11 ) eg Formula 8-74 45 ( Z11 ) 23 *** 

Formula 8-67 11 

( Z12 ) e4 

- ( Z11 ) e5 50 

Formula 8-75 
- ( Z12 ) 4 

( Z11 ) e3 
11 

55 
• ( Z 12 ) e4 

Formula 8-68 
Formula 8-76 

60 
- ( Z11 ) er ( Z11 ) e3 

Y 11 

( Z12 ) e4 - ( Z12 ) e3 

65 

* 
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pyridazinyl group , a quinolinyl group , an isoquinolinyl 
Formula 8-77 group , a quinoxalinyl group , a quinazolinyl group , a carba 

zolyl group , a triazinyl group , and —Si ( Q33 ) ( Q34 ) ( Q35 ) , 
wherein Q33 to Q3s may each independently be selected 

5 from a C , -C10 alkyl group , a C - C10 alkoxy group , a phenyl 
group , a biphenyl group , a terphenyl group , and a naphthyl 
group , 

e2 may be 1 or 2 , 
e3 may be an integer selected from 1 to 3 , 
e4 may be an integer selected from 1 to 4 , 
e5 may be an integer selected from 1 to 5 , 
e6 may be an integer selected from 1 to 6 , 
e7 may be an integer selected from 1 to 7 , 
e9 may be an integer selected from 1 to 9 , and 
* indicates each indicate a binding site with a neighboring 

atom . 

In various embodiments , in the formulae above , Ar , to 
Ar4 , Ar11 , Ar21 to Ar24 , Arzi to Ar33 , Ar41 to Ar 43 , E41 , and 

20 E51 may each independently be selected from a group 
represented by Formula A above , a group represented by 
Formula B above , and a group represented by any of 
Formulae 9-1 to 9-161 below : 

Formula 8-78 
( Z11 ) e3 

* 
11 ( Z12 ) e6 

15 

Formula 8-79 
** 

( 211 ) e3 
Yu1 ( Z12 ) e6 G 25 

Formula 9-1 
*** 

30 Formula 9-2 Formula 8-80 

( 211 ) 4 / N 

( Z12 ) e4 

35 Formula 9-3 
* 

Formula 8-81 

( Z11 ) e4 " / Formula 9-4 ( 212 ) e3 40 

N 

Formula 9-5 
Formula 8-82 45 

Formula 9-6 
- ( Z12 ) e3 

50 

( Z13 ) 4 
N 

Formula 9-7 - ( 212 ) e4 * 

55 

N 

Formula 9-8 
* 

In Formulae 8-1 to 8-82 , 
Y11 may be selected from O , S , N ( 214 ) , and Si ( 215 ) ( 216 ) , 
211 to 216 may each independently be selected from 

hydrogen , deuterium , F , Cl , Br , I , a hydroxyl 60 
group , a cyano group , a nitro group , an amino group , a 
C - C20 alkyl group , a C - C20 alkoxy group , a phenyl group , 
a biphenyl group , a terphenyl group , a naphthyl group , a 
fluorenyl group , a spiro - fluorenyl group , a benzofluorenyl 
group , a dibenzofluorenyl group , a phenanthrenyl group , an 65 
anthracenyl group , a pyrenyl group , a chrysenyl group , a 
pyridinyl group , a pyrazinyl group , a pyrimidinyl group , a 

Formula 9-9 
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Formula 9-10 Formula 9-20 

N 5 

Formujla 9-11 
N 

10 

Formula 9-12 
Formula 9-21 

15 

Formula 9-13 

N 
20 

Formula 9-22 
Formula 9-14 

25 

Formula 9-15 
30 

Formula 9-23 

NE 
35 Formula 9-16 

N 

40 
N 

Formula 9-17 

Formula 9-24 
45 

Formula 9-18 

50 

N 
55 

Formula 9-25 
Formula 9-19 

60 
N 

* 

65 
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Formula 9-26 Formula 9-32 

5 

* 

10 

Formula 9-33 Formula 9-27 

N 15 

* 

20 

Formula 9-34 Formula 9-28 

25 

30 

Formula 9-35 Formula 9-29 
N. 

N 
35 

* 

40 

Formula 9-36 
Formula 9-30 45 

50 * 

55 

Formula 9-37 Formula 9-31 

60 
N 

65 
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Formula 9-38 Formula 9-46 

5 

Formula 9-47 
10 

Formula 9-39 

15 

* Formula 9-48 

N 
20 

Formula 9-40 

N 

Formula 9-49 
25 N 

: * 

Formula 9-41 30 
Formula 9-50 

* 

35 

Formula 9-51 

Formula 9-42 
40 

* 

* 

45 Formula 9-52 
Formula 9-43 

* 

50 
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-continued selected from groups represented by Formulae A and B , or 
v ) at least one selected from L21 to L23 in Formula 3-1 may 
not be selected from groups represented by Formulae C and 
D , at least one selected from Ar21 to Ar23 in Formula 3-1 may 

5 not be selected from groups represented by Formulae A and 
B , L25 in Formula 3-2 may not be selected from groups 
represented by Formulae C and D , and at least one selected 
from Ar21 to Ar24 in Formula 3-2 may not be selected from 
groups represented by Formulae A and B. 

In some embodiments , when Ar11 in Formula 2-1 is not 
selected from groups represented by Formulae A and B , 
when at least one selected from L11 and L12 in Formula 2-1 
is not selected form groups represented by Formulae C and 

In Formulae 9-1 to 9-161 , * indicates a binding site with D , or when Lu1 in Formula 2-2 is not selected from groups 
a neighboring atom , and “ D ” may refer to deuterium . 15 represented by Formulae C and D , i ) at least one selected 

from L21 to L23 in Formula 3-1 may be selected from groups In Formula 1-2 , Ar , and Ar? may optionally be linked to represented by Formulae C and D , ii ) at least one selected each other to form a saturated or unsaturated ring , and Arz from Ar21 to Ar23 in Formula 3-1 may be selected from and Ar4 may optionally be linked to each other to form a groups represented by Formulae A and B , iii ) L25 in Formula 
saturated or unsaturated ring . 20 3-2 may be selected from groups represented by Formulae C 

In various embodiments , i ) at least one selected from Ar? and D , or iv ) at least one selected from Ar21 to Ar24 in 
to Arz in Formula 1-1 may be selected from groups repre- Formula 3-2 may be selected from groups represented by 
sented by Formulae A and B , or ii ) at least one selected from Formulae A and B. 
Li to Lz in Formula 1-1 may be selected from groups That is , embodiments in which Ar11 in Formula 2-1 is not 
represented by Formulae C and D. 25 selected from groups represented by Formulae A and B , at 

In various embodiments , i ) at least one selected from Ar? least one selected from L1 and L12 in Formula 2-1 is not 
to Ar , in Formula 1-2 may be selected from groups repre- selected from groups represented by Formulae C and D , L11 
sented by Formulae A and B , or ii ) L , in Formula 1-2 may in Formula 2-2 is not selected from groups represented by 
be selected from groups represented by Formulae C and D. Formulae C and D , at least one selected from L21 to L23 in 

In various embodiments , i ) Ar?1 in Formula 2-1 may be 30 Formula 3-1 is not selected from groups represented by 
selected from groups represented by Formulae A and B , ii ) Formulae C and D , at least one selected from Ar21 to Ar23 in 
at least one selected from Lu1 and L12 in Formula 2-1 may Formula 3-1 is not selected from groups represented by 
be selected from groups represented by Formulae C and D , Formulae A and B , L25 in Formula 3-2 is not selected from 
iii ) L11 in Formula 2-2 may be selected from groups repre- groups represented by Formulae C and D , and at least one 
sented by Formulae C and D , iv ) at least one selected from 35 selected from Ar21 to Ar24 in Formula 3-2 is not selected 
L21 to L23 in Formula 3-1 may be selected from groups from groups represented by Formulae A and B , are excluded . 
represented by Formulae C and D , v ) at least one selected At least one selected from Arz? to Arzz in Formula 4-1 
from Ar21 to Ar23 in Formula 3-1 may be selected from may be selected from groups represented by Formulae A and 
groups represented by Formulae A and B , vi ) L25 in Formula B. 
3-2 may be selected from groups represented by Formulae C 40 In Formula 4-2 , Arz? may be selected from groups rep 
and D , vii ) at least one selected from Arz? to Ar24 in Formula resented by Formulae A and B , and E41 may include , as a 
3-2 may be selected from groups represented by Formulae A ring - forming moiety , a nitrogen - containing heterocyclic 
and B , or viii ) Ar11 in Formula 2-1 may be selected from group including * _N _ ** 
groups represented by Formulae A and B , at least one In Formula 4-3 , Arz? may be selected from groups rep 
selected from Lu and L12 in Formula 2-1 may be selected 45 resented by Formulae A and B , and E41 may include , as a 
from groups represented by Formulae C and D , Lu in ring - forming moiety , a nitrogen - containing heterocyclic 
Formula 2-2 may be selected from groups represented by group including * _N 
Formulae C and D , at least one selected from L21 to L23 in In Formula 5-2 , Es? may include , as a ring - forming 
Formula 3-1 may be selected from groups represented by moiety , a nitrogen - containing heterocyclic group including 
Formulae C and D , at least one selected from Ar21 to Ar23 in 50 * —N — ** 
Formula 3-1 may be selected from groups represented by The first compound represented by Formulae 1-1 or 1-2 
Formulae A and B , L25 in Formula 3-2 may be selected from and the fourth compound represented by Formulae 4-1 to 
groups represented by Formulae C and D , and at least one 4-3 may include a group selected from groups represented 
selected from Ar21 to Ar24 in Formula 3-2 may be selected by Formulae A to D , and at least one selected from the 
from groups represented by Formulae A and B. 55 second compound represented by Formulae 2-1 or 2-2 and 

For example , when Arji in Formula 2-1 is selected from the third compound represented by Formulae 3-1 or 3-2 may 
groups represented by Formulae A and B , when at least one include a group selected from groups represented by For 
selected from Lji and L12 in Formula 2-1 is selected from mulae A to D. 
groups represented by Formulae C and D , or when L11 in In Formulae 4-2 , 4-3 , and 5-2 , E41 and E?? may each 
Formula 2-2 is selected from groups represented by Formu- 60 independently include , as a ring - forming moiety , a nitrogen 
lae C and D , i ) at least one selected from L21 to L23 in containing heterocyclic group including * —N —_ ** . 
Formula 3-1 may be selected from groups represented by For example , E41 and Esi may each independently be 
Formulae C and D , ii ) at least one selected from Ar21 to Ar23 selected from the group consisting of : 
in Formula 3-1 may be selected from groups represented by a pyrrolyl group , an imidazolyl group , a pyrazolyl group , 
Formulae A and B , iii ) L25 in Formula 3-2 may be selected 65 a thiazolyl group , an isothiazolyl group , an oxazolyl group , 
from groups represented by Formulae C and D , iv ) at least an isoxazolyl group , a pyridinyl group , a pyrazinyl group , a 
one selected from Ar21 to Ar24 in Formula 3-2 may be pyrimidinyl group , a pyridazinyl group , an isoindolyl group , 
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an indolyl group , an indazolyl group , a purinyl group , a hydrogen , deuterium , F , Cl , Br , I , a hydroxyl 
quinolinyl group , an isoquinolinyl group , a benzoquinolinyl group , a cyano group , a nitro group , a C2 - C20 alkyl group , 
group , a phthalazinyl group , a naphthyridinyl group , a and a C2 - C20 alkoxy group ; 
quinoxalinyl group , a quinazolinyl group , a cinnolinyl a phenyl group , a biphenyl group , a terphenyl group , a 
group , a phenanthridinyl group , an acridinyl group , a naphthyl group , a fluorenyl group , a spiro - fluorenyl group , 
phenanthrolinyl group , a phenazinyl group , a benzoimida- a benzofluorenyl group , a dibenzofluorenyl group , a 
zolyl group , a triazolyl group , a tetrazolyl group , an oxadi- phenanthrenyl group , an anthracenyl group , a triphenylenyl 
azolyl group , a triazinyl group , a benzocarbazolyl group , a group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , 
dibenzocarbazolyl group , a thiadiazolyl group , an imida- a thiophenyl group , a furanyl group , an imidazolyl group , a 
zopyridinyl group , and an imidazopyrimidinyl group ; and pyrazolyl group , a thiazolyl group , an isothiazolyl group , an 

a pyrrolyl group , an imidazolyl group , a pyrazolyl group , oxazolyl group , an isoxazolyl group , a pyridinyl group , a 
a thiazolyl group , an isothiazolyl group , an oxazolyl group , pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 
an isoxazolyl group , a pyridinyl group , a pyrazinyl group , a a quinolinyl group , an isoquinolinyl group , a benzoquinoli 
pyrimidinyl group , a pyridazinyl group , an isoindolyl group , 15 nyl group , a quinoxalinyl group , a quinazolinyl group , a 
an indolyl group , an indazolyl group , a purinyl group , a carbazolyl group , a benzoimidazolyl group , a benzofuranyl 
quinolinyl group , an isoquinolinyl group , a benzoquinolinyl group , a benzothiophenyl group , an isobenzothiazolyl 
group , a phthalazinyl group , a naphthyridinyl group , a group , a benzoxazolyl group , an isobenzoxazolyl group , an 
quinoxalinyl group , a quinazolinyl group , a cinnolinyl oxadiazolyl group , a triazinyl group , a dibenzofuranyl 
group , a phenanthridinyl group , an acridinyl group , a 20 group , a dibenzothiophenyl group , an imidazopyridinyl 
phenanthrolinyl group , a phenazinyl group , a benzoimida- group , and an imidazopyrimidinyl group ; 
zolyl group , a triazolyl group , a tetrazolyl group , an oxadi- a phenyl group , a biphenyl group , a terphenyl group , a 
azolyl group , a triazinyl group , a benzocarbazolyl group , a naphthyl group , a fluorenyl group , a spiro - fluorenyl group , 
dibenzocarbazolyl group , a thiadiazolyl group , an imida- a benzofluorenyl group , a dibenzofluorenyl group , a 
zopyridinyl group , and an imidazopyrimidinyl group , each 25 phenanthrenyl group , an anthracenyl group , a triphenylenyl 
substituted with at least one selected from deuterium , —F , group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , 
Cl , Br , -I , a hydroxyl group , a cyano group , a nitro a thiophenyl group , a furanyl group , an imidazolyl group , a 

group , an amino group , a C1 - C20 alkyl group , a C2 - C20 pyrazolyl group , a thiazolyl group , an isothiazolyl group , an alkoxy group , a phenyl group , a biphenyl group , a terphenyl oxazolyl group , an isoxazolyl group , a pyridinyl group , a group , a naphthyl group , a phenanthrenyl group , a pyridinyl 30 
group , a pyrazinyl group , a pyrimidinyl group , a pyridazinyl pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 

a quinolinyl group , an isoquinolinyl group , a benzoquinoli group , a quinolinyl group , an isoquinolinyl group , a benzo 
quinolinyl group , a quinoxalinyl group , a quinazolinyl nyl group , a quinoxalinyl group , a quinazolinyl group , a 
group , a cinnolinyl group , a carbazolyl group , carbazolyl group , a benzoimidazolyl group , a benzofuranyl 
phenanthrolinyl group , a benzoimidazolyl group , a benzo- 35 group , a benzothiophenyl group , an isobenzothiazolyl 
furanyl group , a benzothiophenyl group , an isobenzothiaz group , a benzoxazolyl group , an isobenzoxazolyl group , an 
olyl group , and a benzoxazolyl group . oxadiazolyl group , a triazinyl group , a dibenzofuranyl 

In various embodiments , E41 and Es? may each indepen group , a dibenzothiophenyl group , an imidazopyridinyl 
dently be selected from groups represented by Formulae 8-1 group , and an imidazopyrimidinyl group , each substituted 
to 8-60 above . 40 with at least one selected from deuterium , -F , -Cl , Br , 

In various embodiments , E41 and Es? may each indepen- -I , a hydroxyl group , a cyano group , a nitro group , a 
dently be selected from groups represented by Formulae 9-1 C - Clo alkyl group , a C - Clo alkoxy group , a phenyl group , 
to 9-117 above . a naphthyl group , a fluorenyl group , a spiro - fluorenyl group , 

In the formulae above , R41 , Rsi to R53 , R61 to R63 , and a benzofluorenyl group , a dibenzofluorenyl group , a 
Rz? may each independently be selected from : 45 phenanthrenyl group , an anthracenyl group , a triphenylenyl 

hydrogen , deuterium , -F , C1 , —Br , —I , a hydroxyl group , a pyrenyl group , a chrysenyl group , a pyrrolyl group , 
group , a cyano group , a nitro group , an amino group , a a thiophenyl group , a furanyl group , an imidazolyl group , a 
substituted or unsubstituted C -C60 alkyl group , a substi- pyrazolyl group , a thiazolyl group , an isothiazolyl group , an 
tuted or unsubstituted C2 - C60 alkenyl group , a substituted or oxazolyl group , an isoxazolyl group , a pyridinyl group , a 
unsubstituted C2 - C60 alkynyl group , a substituted or unsub- 50 pyrazinyl group , a pyrimidinyl group , a pyridazinyl group , 
stituted C , -C60 alkoxy group , a substituted or unsubstituted a quinolinyl group , an isoquinolinyl group , a benzoquinoli 
Cz - C1o cycloalkyl group , a substituted or unsubstituted nyl group , a quinoxalinyl group , a quinazolinyl group , a 
C1 - C10 heterocycloalkyl group , a substituted or unsubsti- carbazolyl group , a benzoimidazolyl group , a benzofuranyl 
tuted Cz - C10 cycloalkenyl group , a substituted or unsubsti- group , a benzothiophenyl group , an isobenzothiazolyl 
tuted C1 - C10 heterocycloalkenyl group , a substituted or 55 group , a benzoxazolyl group , an isobenzoxazolyl group , an 
unsubstituted Co - C60 aryl group , a substituted or unsubsti- oxadiazolyl group , a triazinyl group , a dibenzofuranyl 
tuted C.-C. aryloxy group , a substituted or unsubstituted group , a dibenzothiophenyl group , an imidazopyridinyl 
Co - C60 arylthio group , a substituted or unsubstituted C , -C60 group , an imidazopyrimidinyl group , and Si ( Q31 ) ( Q32 ) 
heteroaryl group , a substituted or unsubstituted monovalent ( Q33 ) , and 
non - aromatic condensed polycyclic group , a substituted or 60 Si ( Q ) ( Q ) ( Q ) , 
unsubstituted monovalent non - aromatic condensed het- wherein Q , to Q3 and Q31 to Q33 may each independently 
eropolycyclic group , and Si ( Q . ) ( Q ) ( Q ) , wherein Q , to be selected from a C , -C10 alkyl group , a C1 - C10 alkoxy 
Q3 may each independently be selected from a C , -C10 alkyl group , a phenyl group , a biphenyl group , a terphenyl group , 
group , a C - C10 alkoxy group , a phenyl group , a biphenyl and a naphthyl group . 
group , a terphenyl group , and a naphthyl group . In various embodiments , R41 , Rsi to R53 , R61 to R63 , and 

For example , R41 , R51 to R33 , R61 to R63 , and R71 may R71 may each independently be selected from the group 
each independently be selected from the group consisting of : consisting of : 

a 

65 
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hydrogen , deuterium , -F , Cl , Br , -I , a hydroxyl -continued 
group , a cyano group , a nitro group , a C1 - C10 alkyl group , Formula 1-1 ( 3 ) and a C - C10 alkoxy group , 

( Z2 ) 3 a phenyl group , a biphenyl group , a terphenyl group , a 
( L2 ) a2 — Ar2 naphthyl group , a pyridinyl group , a pyrimidinyl group , a 

Ari triazinyl group , and a carbazolyl group , 
a phenyl group , a naphthyl group , a pyridinyl group , a 

( L3 ) a3 — Ar3 pyrimidinyl group , a triazinyl group , and a carbazolyl group , 
( Z1 ) d4 each substituted with at least one selected from deuterium , 

-F , C1 , Br , I , a hydroxyl group , a cyano group , a 
nitro group , an amino group , a C7 - C10 alkyl group , a C1 - C10 

( Z ) at alkoxy group , a phenyl group , a biphenyl group , a terphenyl 
group , a naphthyl group , a pyridinyl group , a pyrimidinyl Formula 1-1 ( 4 ) 

( L2 ) a2— Ar2 group , a triazinyl group , and Si ( Q31 ) ( Q32 ) ( Q33 ) ; and 
Si ( Q ) ( QQ ) , Ari - N 

wherein Q , to Q3 and Q31 to Q33 may each independently 
be selected from a C , -C10 alkyl group , a C - C10 alkoxy ( L3 ) a3 — Arz 
group , a phenyl group , a biphenyl group , a terphenyl group , Formula 1-1 ( 5 ) 
and a naphthyl group . ( Z11 ) e4 

In Formula 2-2 , c41 may be an integer selected from 0 to 
10. In Formula 2-2 , c41 indicates the number of R41 in ( L2 ) a2 
Formula 2-2 , wherein when c41 is two or more , two or more 
R41 ( s ) may be identical to or different from each other . N- ( L1a1 - N 

In various embodiments , c41 may be 0 , 1 , or 2 . ( L3 ) a3 — Arz In Formulae 2-1 , 4-2 , 4-3 , and 5-2 , n11 , n12 , n21 , n22 , 
n31 , and n32 may each independently be an integer of 0 to 
10. In Formulae 2-1 , 4-2 , 4-3 , and 5-2 , n11 indicates the ( Z12 ) 4 
number of * - ( Lu ) al1 - Ar11 , wherein when n11 is two or 
more , two or more * - ( L11a11 - Aru ( s ) may be identical to or 
different from each other . Descriptions of n12 , n21 , n22 , Formula 1-2 ( 1 ) n31 , and n32 may be understood by referring to the descrip 
tion provided herein in connection with n11 and the corre R23 R24 

Ar?- ( L1 ) al ( R22b ) cb22 sponding structures of Formulae 2-1 , 4-2 , 4-3 , and 5-2 . ( R22a ) ca22 ] In various embodiments , nll , n21 , n22 , and n31 may be 35 ( L3 ) a3— Arz 1 or 2 , and n32 may be 0 or 1 . 
In various embodiments , the first compound may be Ar2— ( L2 ) a2 

selected from compounds represented by Formulae 1-1 ( 1 ) to ( R21 ) 621 ( L4 ) 94 - Art 
1-1 ( 5 ) and 1-2 ( 1 ) to 1-2 ( 3 ) below , 

the second compound may be selected from compounds 40 
represented by Formulae 2-1 ( 1 ) and 2-2 ( 1 ) to 2-2 ( 4 ) below , 

the third compound may be selected from compounds 
represented by Formulae 3-1 ( 1 ) and 3-2 ( 1 ) to 3-2 ( 8 ) below , Formula 1-2 ( 2 ) 

the fourth compound may be selected from compounds 
( 21 ) d4 represented by Formulae 4-1 ( 1 ) to 4-1 ( 3 ) , 4-2 ( 1 ) , and 4-3 ( 1 ) 45 

below , and 
the fifth compound may be selected from compounds Ari— ( Llal ( L3 ) a3— Arz represented by Formulae 5-1 ( 1 ) , 5-1 ( 2 ) , and 5-2 ( 1 ) below : 

1 
Ar2— ( L2 ) a2 ( L4 ) 94 — Ar4 

Formula 1-1 ( 1 ) 
( Z12 ) e4 

25 

30 

N 

50 

213 
55 Formula 1-2 ( 3 ) 

( L2 ) a2 — Ar2 ( R31 ) c31 
R33 ( L1 ) 21 - N 

-R34 ( L3 ) a3— Arz 
( Z11 ) e3 60 

Formula 1-1 ( 2 ) 
( L2 ) a2 — Ar2 
/ Ari - ( Liar 

- ( R32 ) c32 
( L3 ) a3— Arz 

N Ari N N 

( L3 ) a3— Arz 65 Ar2— ( L2 ) a2 ( L4 ) a4 — Ar4 
( Z1 ) d4 
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-continued -continued 
Formula 2-1 ( 1 ) Formula 3-1 ( 1 ) 

[ R41- ( L 12 ) a12 ] n12 
R3 R4 ( R2b ) cb2 

5 Ar21— ( L21 ) a21 

Ar22 - ( L22 ) a22 

10 ( R1 ) 

( R2a ) ca2 
[ ( L11 ) 911 - Arulnil Formula 3-2 ( 1 ) 

15 Formula 2-2 ( 1 ) ( L23 ) a23— Ar23 

R33 R34 Ar11 
1 ( L24 ) a24 — Ar24 ( Llla ) aall 

20 

( R31 ) c31 

- ( R32 ) c32 ( Z1 ) d4 
Ar21— ( L21 ) a21 25 ( L11b ) ab11 

1 
( R41 ) c41 

N 
( Z2 ) d4 

Ar22— ( L22 ) a22 
Formula 2-2 ( 2 ) Formula 3-2 ( 2 ) 

R33 R34 Ari1 
1 ( Z2 ) d5 30 

( Llla ) aall 

( R31 ) c31 ( L23 ) a23 — Ar23 
- ( R32 ) c32 35 Ar21— ( L21 ) a21 

N ( L11b ) ab11 ( L24 ) a24 — Ar24 
Ar22— ( L22 ) a22 ( R41 ) c41 

Formula 2-2 ( 3 ) 40 
R23 R24 ( Z1 ) d5 

Formula 3-2 ( 3 ) 
( L116 ) ab11— ( R51 ) c51 

R23 R24 45 
Ar21— ( L21 ) a21 ( L23 ) a23— Ar23 

Ar11— ( Lila ) aall ( R22 ) c22 N 

Ar22— ( L22 ) a22 ( L22722 ( L24 ) a24 — Ar24 
( R21 ) c21 50 

( R21 ) c21 

Formula 2-2 ( 4 ) ( R22 ) c22 
( R22b ) cb22 55 

Formula 3-2 ( 4 ) 
R23 R24 Ar21- ( L21 ) a21 - ( Llib ) abil- ( R51 ) 651 Y1 ( L23 ) a23— Ar23 

/ 
60 

Ari1- ( Lila ) aalr 
Ar22— ( L22 ) a22 ( L24 ) a24 — Ar24 

( R21 ) c21 ( Z1 ) d3 

65 
( R22a ) ca22 ( Z2 ) d5 
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-continued -continued 
Formula 3-2 ( 5 ) Formula 4-1 ( 3 ) 

( L31 ) a31 – Ar31 
( R226 ) cb22 

R23 R24 
( L23 ) a23— Ar23 
1 ( L34 ) a34 -R51 

5 Ar21— ( L21 ) a21 
( L24 ) a24 — Ar24 N 

Ar32 - ( L32 ) a32 
Ar22— ( L22 ) a22 

( L35 ) a35 - R32 
( R21 ) 621 10 Formula 4-2 ( 1 ) 

[ E41 - ( L32 ) a32 ] n22 

( R22a ) ca22 
Formula 3-2 ( 6 ) 

15 R23 R24 
Ar21— ( L21 ) a21 

( R22a ) ca22 

Ar22- ( L22 ) a22 
20 

( R21 ) c21 [ ( L31 ) a31 - Ar31 ] n21 
( L23 ) a23 - Ar23 Formula 4-3 ( 1 ) 

E41 — Ar31 
Formula 5-1 ( 1 ) 

25 ( R226 ) cb22 ( L41 ) a41 - Ar41 ( L24 ) a24 — Ar24 
Formula 3-2 ( 7 ) 

N N R23 R24 
Ar21— ( L21 ) a21 

30 Ar43 - ( L43 ) a43 * ( L42 ) 242 — Ar42 
Formula 5-1 ( 2 ) 

Ar22— ( L22 ) a22 ( R22b ) cb22 ( L41 ) 941 - Ar41 
R63 ( R21 ) c21 - ( L46 ) a46 

N 

35 

( R22a ) ca22 Ar43 - ( L43 ) a43 * ( L42 ) a42 — Ar42 
( L24 ) 24 

| 
Formula 5-2 ( 1 ) ( L23 ) a23 R71 - ( L42 ) a42 ] n32 

Ar24 
Ar23 40 

Formula 3-2 ( 8 ) 

R23 R24 
Ar21— ( L21 ) a21 ( L23 ) a23— Ar23 

N 45 

Ar22— ( L22 ) 922 ( L24 ) a24 — Ar24 
( R22a ) ca22 

( R220 ) cb22 [ ( L41 ) 241 - E51 ] n31 . 
50 

( R21 ) c21 
Formula 4-1 ( 1 ) 

( L31 ) a31 - Ar31 

N N 55 

In the formulae above , descriptions of Li to L4 , L11 , L129 
L21 to L24 , L31 to L35 , L41 to L43 , L46 , al to a4 , all , a12 , a21 
to a24 , a31 to 35 , a41 to a43 , a46 , Ar , to Ar4 , Ar11 , Ar21 to 
Ar24 , Arz1 to Ar35 , Ar41 to Ar43 , E41 , E51 , R1 , R2a , R2b , R3 , 
R4 , R21 to R24 , R22a , R226 , R31 to R34 , R41 , R32 , R63 , R71 , c1 , 
c21 , c22 , ca22 , cb22 , c31 , c32 , c41 , n21 , n22 , n31 , n32 , Y 1 , 
Z to Z5 , Z11 to 213 , d3 , d4 , d5 , d8 , e3 , and e4 may be 
understood by referring to the descriptions thereof provided 
herein . 

Descriptions of Lila and L116 may be understood by 
referring to the descriptions provided herein in connection 

Ar32 ( L32 ) a32 * ( L33 ) a33 — Ar33 
Formula 4-1 ( 2 ) 

( L31 ) a31— Ar31 60 

N with Lu 11 . 

Ar32 - ( L32 ) a32 ( L33 ) a33 — Ar33 
Descriptions of aall and ab11 may be understood by 

referring to the descriptions provided herein in connection 
65 with a11 . 

In various embodiments , the first compound may be one 
of Compounds 1-1 to 1-20 below , 

( L35 ) a35 - R32 
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the second compound may be one of Compounds 2-1 to 
2-19 below , 

the third compound may be one of Compounds 3-1 to 
3-18 below , 

the fourth compound may be one of Compounds 4-1 to 
4-19 below , and 

the fifth compound may be one of Compounds 5-1 to 5-9 
below : 

5 

10 

1-1 
N 
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-continued electron transport layer ( between the second electrode and 
5-8 the first electron transport layer ) , wherein at least one 

selected from the first electron transport layer and the second 
electron transport layer may include the fourth compound . 

In various embodiments , the first electron transport layer 
may include the fifth compound , and the second electron 
transport layer may include the fourth compound . 

In various embodiments , the first electron transport layer 
may directly contact the emission layer . 

In the organic light - emitting device , compounds including 
a group selected from groups represented by Formulae A to 
D above ( e.g. , compounds including , in part , a fluorene 
moiety ) may be included in each of the hole transport region , 
the emission layer , and the electron transport region . In this 

15 regard , due to similarities in molecular structures of the 
5-9 compounds included in each of the hole transport region , the 

emission layer , and the electron transport region , movement 
of charges may be facilitated , and accordingly , interfacial 
properties among each of the hole transport region , the 

20 emission layer , and the electron transport region may be 
improved to thereby achieve improved stability and lifespan 
of the organic light - emitting device . 

Hereinafter , a structure of an organic light - emitting device 
according to an embodiment and a method of manufacturing 

25 an organic light - emitting device according to an embodi 
ment will be described in connection with FIG . 1 . 
FIG . 1 is a schematic cross - sectional view of an organic 

light - emitting device 10 according to an embodiment . 
The organic light - emitting device 10 has a structure 

30 including a first electrode 110 , a hole transport region 130 , 
an emission layer 150 , an electron transport region 170 , and 
a second electrode 190 , which are sequentially stacked in the 
stated order . 

In FIG . 1 , a substrate may be additionally disposed ( e.g. , 
35 positioned ) under the first electrode 110 or above the second 

electrode 190. The substrate may be a glass substrate or a 
At least two compounds selected from the first compound transparent plastic substrate , each having excellent mechani 

to the fourth compound may have the lowest triplet energy cal strength , thermal stability , transparency , surface smooth 
of 2.4 eV or more , for example , 2.5 eV or more . When the ness , ease of handling , and / or water - resistance . 
lowest triplet energy is within the range above , in the case The first electrode 110 may be formed by depositing or 
of a fluorescent organic light - emitting device , for example , sputtering a material for forming the first electrode 110 on 

the substrate . When the first electrode 110 is an anode , the emission efficiency thereof may be improved due to triplet material for forming the first electrode 110 may be selected triplet fusion ( TTF ) , and in the case of a phosphorescent 
organic light - emitting device , transition of triplet excitons 45 injection . The first electrode 110 may be a reflective elec from materials with a high work function to facilitate hole 
that are formed in an emission layer may be blocked or trode , a semi - transmissive electrode , or a transmissive elec reduced , thereby preventing or reducing efficiency degrada trode . The material for forming the first electrode 110 may tion . be a transparent and highly conductive material , and non The first compound to the fourth compound may each limiting examples of such material include indium tin oxide 
independently have an asymmetric structure . When the first 50 ( ITO ) , indium zinc oxide ( IZO ) , tin oxide ( SnO2 ) , and zinc 
compound to the fourth compound have an asymmetric oxide ( ZnO ) . When the first electrode 110 is a semi - trans 
structure , molecular stacking and aggregation in an organic missive electrode or a reflective electrode , at least one 
layer may be degraded or reduced . Accordingly , for selected from magnesium ( Mg ) , aluminum ( Al ) , aluminum 
example , when any of the first compound to the fourth lithium ( Al - Li ) , calcium ( Ca ) , magnesium - indium ( Mg 
compound are used as matrix materials in layers including 55 In ) , and magnesium - silver ( Mg - Ag ) may be used as a 
the respective compounds , the organic light - emitting device material for forming the first electrode 110 . 
may exhibit reduced deterioration and improved lifespan . The first electrode 110 may have a single - layered struc 

In various embodiments , the hole transport region may ture , or a multi - layered structure including two or more 
include a first hole transport layer and a second hole trans- layers . For example , the first electrode 110 may have a 
port layer ( between the first hole transport layer and the 60 three - layered structure of ITO / Ag / ITO , but the structure of 
emission layer ) , wherein at least one selected from the first the first electrode 110 is not limited thereto . 
hole transport layer and the second hole transport layer may On the first electrode 110 , the hole transport region 130 , 
include the first compound . the emission layer 150 , and the electron transport region 170 

In various embodiments , the second hole transport layer may be sequentially stacked in this stated order . 
may directly contact the emission layer . The hole transport region 130 may include the first 

In various embodiments , the electron transport region compound , the emission layer 150 may include the second 
may include a first electron transport layer and a second compound and the third compound , and the electron trans 

40 

65 
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port region 170 may include the fourth compound and the emission layer 150 ) , wherein at least one selected from the 
fifth compound . Descriptions of the first compound , the first hole transport layer and the second hole transport layer 
second compound , the third compound , the fourth com- may include the first compound . 
pound , and the fifth compound may be understood by The hole transport region 130 may include , in addition to referring to the descriptions thereof provided herein . the first compound , at least one selected from a compound The hole transport region 130 may include at least one 
selected from a hole injection layer ( HIL ) , a hole transport represented by Formula 201 below and a compound repre 

sented by Formula 202 below : layer ( HTL ) , a buffer layer , and an electron blocking layer 
( EBL ) ; and the electron transport region 170 may include at 
least one selected from a hole blocking layer ( HBL ) , an 10 Formula 201 electron transport layer ( ETL ) , and an electron injection ( L202 ) xa2 — R202 layer ( EIL ) , but they are not limited thereto . 

The hole transport region 130 may have a single - layered R201— ( L201 ) xal — 
structure formed of a single material , a single - layered struc ( L203 ) xa3 — R203 
ture formed of a plurality of different materials , or a multi- 15 
layered structure having a plurality of layers formed of a 
plurality of different materials . 

For example , the hole transport region 130 may have a Formula 202 single - layered structure formed of a plurality of different 
materials , or a structure of hole injection layer / hole transport 20 - ( L201 ) xal ( L203 ) xa3 — R203 
layer , a structure of hole injection layer / hole transport layer / - ( L205 ) xa5 
buffer layer , a structure of hole injection layer / buffer layer , - ( L202 ) xa2 ( L204 ) xa4 — R204 . a structure of hole transport layer / buffer layer , or a structure 
of hole injection layer / hole transport layer / electron blocking 
layer , wherein the layers of each structure are sequentially 25 In Formulae 201 and 202 , stacked from the first electrode 110 in this stated order , but 
are not limited thereto . descriptions of L201 to L205 may each independently be 
When the hole transport region 130 includes a hole understood by referring to the description provided herein in 

injection layer , the hole injection layer may be formed on the connection with Li , 
first electrode 110 by using one or more suitable methods 30 xal to xa4 may each independently be selected from 0 , 1 , 
such as vacuum deposition , spin coating , casting , a 2 , and 3 , Langmuir - Blodgett ( LB ) method , ink - jet printing , laser 
printing , and / or laser - induced thermal imaging ( LITI ) . xa5 may be selected from 1 , 2 , 3 , 4 , and 5 , 
When a hole injection layer is formed by vacuum depo- R201 to R204 may each independently be selected from a 

sition , for example , the vacuum deposition may be per- 35 substituted or unsubstituted Cz - C10 cycloalkyl group , a sub 
formed at a deposition temperature of about 100 ° C. to about stituted or unsubstituted C7 - C10 heterocycloalkyl group , a 
500 ° C. , at a vacuum degree of about 10-8 to about 10-3 torr , substituted or unsubstituted Cz - C10 cycloalkenyl group , a 
and at a deposition rate of about 0.01 to about 100 Å / sec , by substituted or unsubstituted C.-C. heterocycloalkenyl 
taking into account a compound for the hole injection layer group , a substituted or unsubstituted Co - Coo aryl group , a 
to be deposited , and a structure of the hole injection layer to 40 substituted or unsubstituted Co - C60 aryloxy group , a substi 
be formed . tuted or unsubstituted Co - Coo arylthio group , a substituted or When a hole injection layer is formed by spin coating , for unsubstituted C.-C. heteroaryl group , a substituted or example , the spin coating may be performed at a coating rate unsubstituted monovalent non - aromatic condensed polycy of about 2,000 to about 5,000 rpm , and at a temperature of 
about 80 ° C. to 200 ° C. , by taking into account a compound 45 clic group , and a substituted or unsubstituted monovalent 

non - aromatic condensed heteropolycyclic group , for the hole injection layer to be deposited , and a structure 
of the hole injection layer to be formed . R201 and R202 may optionally be linked to each other to 
A thickness of the hole injection layer may be in a range form a saturated or unsaturated ring , and R203 and R204 may 

of about 100 Å to about 10,000 Å , for example , about 100 optionally be linked to each other to form a saturated or 
Å to about 1,000 Å . 50 unsaturated ring . 
When the hole transport region 130 includes a hole The compound represented by Formula 201 may be transport layer , the hole transport layer may be formed on represented by Formula 201 A below : the first electrode 110 or on the hole injection layer by using 

one or more suitable methods such as vacuum deposition , 
spin coating , casting , a LB method , ink - jet printing , laser- 55 
printing , and / or LITI . When the hole transport layer is 
formed by vacuum deposition and / or spin coating , deposi R213 R214 tion and coating conditions for the hole transport layer may 
be the same as ( or similar to ) the deposition and coating ( L202 ) za2 conditions for the hole injection layer . R216 

The hole transport region 130 may include the first - ( L201 ) xa1 - X201 
compound . For example , the hole transport region 130 may ( L203 ) xa3 R203 
include the hole transport layer , wherein the hole transport 
layer includes the first compound . 

In various embodiments , the hole transport region 130 65 For example , the compound represented by Formula 201 
may include the first hole transport layer and the second hole may be represented by Formula 201A - 1 , but is not limited 
transport layer ( between the first hole transport layer and the thereto : 

Formula 201A 

R215 R211 

60 
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Formula 201 A - 1 HT3 

R216 

R214 5 

R213 " 
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R211 
-X201 

R215 ( L203 ) + 23 — R203 
R216 

15 

The compound represented by Formula 201 and the 
compound represented by Formula 202 may each indepen- 20 
dently include Compounds HT1 to HT12 below , but are not 
limited thereto : : 
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A thickness of the hole transport region 130 may be in a 
range of about 100 Å to about 10,000 Å , for example , about 
100 Å to about 1,000 Å . When the hole transport region 130 
includes both a hole injection layer and a hole transport 
layer , a thickness of the hole injection layer may be in a 
range of about 100 Å to about 10,000 Å , for example , about 
100 Å to about 1,000 Å , and a thickness of the hole transport 
layer may be in a range of about 50 Å to about 2,000 Å , for 
example about 100 Å to about 1,500 Å . When the thick 

55 nesses of the hole transport region 130 , the hole injection 
layer , and the hole transport layer are within any of these 
ranges , satisfactory ( or suitable ) hole transporting charac 
teristics may be obtained without a substantial increase in 
driving voltage . 
The hole transport region 130 may further include , in 

addition to the materials described above , a charge - genera 
tion material for the improvement of conductive properties . 
The charge - generation material may be homogeneously or 
non - homogeneously dispersed in the hole transport region . 

The charge - generation material may be , for example , a 
p - dopant . The p - dopant may be one selected from a quinone 
derivative , a metal oxide , and a cyano group - containing 

60 
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compound , but embodiments are not limited thereto . Non- A thickness of the emission layer 150 may be in a range 
limiting examples of the p - dopant include quinone deriva- of about 100 Å to about 1,000 Å , for example , about 200 Å 
tives ( such as tetracyanoquinonedimethane ( TCNQ ) and / or to about 600 Å . When the thickness of the emission layer 
2,3,5,6 - tetrafluoro - tetracyano - 1,4 - benzoquinonedimethane 150 is within any of these ranges , excellent ( or suitable ) 
( F4 - TCNQ ) ) , metal oxides ( such as tungsten oxide and / or 5 light - emission characteristics may be obtained without a 
molybdenum oxide ) , and Compound HT - D1 below : substantial increase in driving voltage . 

The electron transport region 170 may be disposed ( e.g. , 
positioned ) on the emission layer 150. The electron transport 

Compound HT - D1 region 170 may include the fourth compound and the fifth 
CN 10 compound . 

The electron transport region 170 may include at least one 
selected from a hole blocking layer , a first electron transport 
layer , a second electron transport layer , and an electron 

CN injection layer , but is not limited thereto . 
For example , the electron transport region 170 may have 

a structure of first electron transport layer / second electron 
transport layer / electron injection layer sequentially stacked 
from the emission layer 150 in this stated order , but the 

NC structure thereof is not limited thereto . In various embodi 
ments , the first electron transport layer and the emission 

CN layer 150 may directly contact each other . 
F4 - TCNQ In various embodiments , the second electron transport 

layer may include the fourth compound , and the first elec 
CN tron transport layer may include the fifth compound . 

The first electron transport layer and the second electron 
transport layer may be formed on the emission layer 150 or CN . on the hole blocking layer by using one or more suitable 
methods such as vacuum deposition , spin coating , casting , a 
LB method , ink - jet printing , laser - printing , and / or LITI . 

The hole transport region 130 may further include , in When the first electron transport layer and / or the second 
addition to the hole injection layer and / or the hole transport electron transport layer are formed by vacuum deposition 

and / or spin coating , deposition and coating conditions for layer , at least one selected from a buffer layer and an electron the first and / or second electron transport layer ( s ) may be the blocking layer . Since the buffer layer may compensate for an 
optical resonance distance according to a wavelength of 35 for the hole injection layer . same as ( or similar to ) the deposition and coating conditions 
light emitted from the emission layer 150 , light - emission A thickness of the first electron transport layer may be in efficiency of the formed organic light - emitting device may a range of about 20 Å to about 500 Å . When the thickness 
be improved . Also , as a material included in the buffer layer , of the first electron transport layer is within this range , a ratio any of the materials that are to be included in the hole of the thickness of the first electron transport layer to that of 
transport region 130 may be used . The electron blocking 40 the second electron transport layer may be adjusted , and thus 
layer may function to prevent or reduce the injection of injection and transport of electrons to the emission layer 150 electrons from the electron transport region 170 . may be adjusted , thereby implementing device performance 
When the organic light - emitting device 10 is a full color with improved lifespan and efficiency . 

organic light - emitting device , the emission layer 150 may be A thickness of the second electron transport layer may be 
patterned into a red emission layer , a green emission layer , 45 in a range of about 100 Å to about 1,000 Å , for example , 
and / or a blue emission layer , according to a sub pixel . In about 150 Å to about 500 Å . When the thickness of the 
some embodiments , the emission layer 150 may have a second electron transport layer is within any of these ranges , 
stacked structure of two or more layers selected from a red satisfactory ( or suitable ) electron transporting characteristics emission layer , a green emission layer , a yellow emission may be obtained without a substantial increase in driving layer , and a blue emission layer , in which the two or more 50 voltage . 
layers contact each other or are separated from each other . The electron transport layer may further include , in addi 
In some embodiments , the emission layer 150 may include tion to the materials described above , a metal - containing two or more materials selected from a red - light emission material . 
material , a green - light emission material , and a blue - light The metal - containing material may include a lithium ( Li ) emission material , in which the two or more materials are 55 complex , The Li complex may include , for example , Com mixed with each other in a single layer to emit white light . pound ET - D1 ( lithium quinolate , LiQ ) and / or Compound 

In some embodiments , the emission layer 150 includes ET - D2 : 
the second compound and the third compound . In the 
emission layer 150 , the second compound may serve as a 
host and the third compound may serve as a dopant . In 60 
various embodiments , the second compound may be a 
fluorescent host , and the third compound may be a fluores 
cent dopant . 
An amount of the third compound in the emission layer 

150 may be in a range of about 0.01 to about 15 parts by 65 
weight based on 100 parts by weight of the second com 
pound , but is not limited thereto . 

ET - D1 
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-continued by referring to the description provided herein in connection 
with the emission layer 150 , and descriptions of the first 
electron transport region 240 and the second electron trans 
port region 280 may be understood by referring to the 
description provided herein in connection with the electron 
transport region 170 . 

The charge generation region 250 is a layer that may 
function to generate a charge when an electric field is 
applied to the organic light - emitting device 20 , and in this 
regard , electrons may be injected to the first electron trans 
port region 240 and holes may be injected to the second hole 
transport region 260. The charge generation region 250 may 
be formed as a single - layered structure or a multi - layered 

The electron transport region 170 may include an electron structure . 
injection layer that facilitates injection of electrons from the The organic light - emitting device 20 is a tandem - type 
second electrode 190 . device ( e.g. , tandem organic light - emitting device ) , and thus 
The electron injection layer may be formed on the elec- the organic light - emitting device 20 may implement white 

tron transport layer by using one or more suitable methods emission in a stable ( or substantially stable ) manner based 
such as vacuum deposition , spin coating , casting , a LB 20 on improved driving current and efficiency . 
method , ink - jet printing , laser - printing , and / or LITI . When The term “ C2 - C60 alkyl group ” as used herein may refer 
the electron injection layer is formed by vacuum deposition to a linear or branched monovalent aliphatic hydrocarbon 
and / or spin coating , deposition and coating conditions for group having 1 to 60 carbon atoms , and non - limiting 
the hole transport layer may be the same as ( or similar to ) the examples thereof include a methyl group , an ethyl group , a 
deposition and coating conditions for the hole injection 25 propyl group , an isobutyl group , a sec - butyl group , tert 
layer . butyl group , a pentyl group , an iso - amyl group , and a hexyl 

The electron injection layer may include at least one group . The term “ C1 - C60 alkylene group ” as used herein 
selected from LiF , NaCl , CsF , Li2O , BaO , and LiQ . may refer to a divalent group having the same structure as A thickness of the electron injection layer may be in a the C , -C60 alkyl group . 
range of about 1 Å to about 100 Å , for example , about 3 Å 30 The term “ C7 - C60 alkoxy group ” as used herein may refer to about 90 Å . When the thickness of the electron injection to a monovalent group represented by OA101 ( wherein layer is within any of the ranges described above , the A101 is the C - C . alkyl group ) , and non - limiting examples electron injection layer may have satisfactory ( or table ) 
electron injection characteristics without a substantial thereof include a methoxy group , an ethoxy group , and an 
increase in driving voltage . 35 isopropoxy group . 

The second electrode 190 may be disposed ( e.g. , posi The term “ C2 - C60 alkenyl group ” as used herein may refer 
tioned ) on the electron transport layer having such the to a hydrocarbon group having at least one carbon double 
structure according to embodiments of the present disclo bond at one or more positions along the hydrocarbon chain 
sure . The second electrode 190 may be a cathode ( which is of the C2 - C60 alkyl group ( e.g. , in the middle and / or at either 
an electron injection electrode ) and in this regard , a material 40 terminus of the C2 - C60 alkyl group ) , and non - limiting 
for forming the second electrode 190 may be selected from examples thereof include an ethenyl group , a propenyl 
a metal , an alloy , an electrically conductive compound , and group , and a butenyl group . The term " C2 - C . alkenylene 
a mixture thereof , which have a relatively low work func- group ” as used herein may refer to a divalent group having 
tion . Non - limiting examples of the material for forming the the same structure as the C2 - C6 alkenyl group . 
second electrode 190 include Li , Mg , Al , Al - Li , Ca , 45 The term “ C2 - C60 alkynyl group ” as used herein may refer 
Mg - In , and Mg - Ag . In some embodiments , the material to a hydrocarbon group having at least one carbon triple 
for forming the second electrode 190 may be ITO and / or bond at one or more positions along the hydrocarbon chain 
IZO . The second electrode 190 may be a semi - transmissive of the C2 - C60 alkyl group ( e.g. , in the middle and / or at either 
electrode or a transmissive electrode . terminus of the C2 - C60 alkyl group ) , and non - limiting 
FIG . 2 is a schematic view of a structure of an organic 50 examples thereof include an ethynyl group and a propynyl 

light - emitting device 20 according to another embodiment . group . The term “ C2 - C60 alkynylene group , ” as used herein 
In FIG . 2 , the organic light - emitting device 20 has a may refer to a divalent group having the same structure as 

stacked structure including a first electrode 210 , a first hole the C2 - C60 alkynyl group . 
transport region 220 , a first emission layer 230 , a first The term “ C3 - C10 cycloalkyl group ” as used herein may 
electron transport region 240 , a charge generation region 55 refer to a monovalent hydrocarbon monocyclic group having 
250 , a second hole transport region 260 , a second emission 3 to 10 carbon atoms , and non - limiting examples thereof 
layer 270 , a second electron transport region 280 , and a include a cyclopropyl group , a cyclobutyl group , a cyclo 
second electrode 290 . pentyl group , a cyclohexyl group , and a cycloheptyl group . 

Descriptions of the first electrode 210 and the second The term “ C3 - C1o cycloalkylene group ” as used herein may 
electrode 290 may be understood by referring to the descrip- 60 refer to a divalent group having the same structure as the 
tions provided herein in connection with the first electrode C - C1o cycloalkyl group . 
110 and the second electrode 190 , respectively , descriptions The term “ C1 - C10 heterocycloalkyl group ” as used herein 
of the first hole transport region 220 and the second hole may refer to a monovalent monocyclic group having at least 
transport region 260 may be understood by referring to the one heteroatom selected from N , O , Si , P , and S as a 
description provided herein in connection with the hole 65 ring - forming atom and 1 to 10 carbon atoms , and non 
transport region 130 , descriptions of the first emission layer limiting examples thereof include a tetrahydrofuranyl group 
230 and the second emission layer 270 may be understood and a tetrahydrothiophenyl group . The term “ C7 - C10 hetero 
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cycloalkylene group ” as used herein may refer to a divalent The term “ monovalent non - aromatic condensed heteropo 
group having the same structure as the C , -C10 heterocy- lycyclic group ” as used herein may refer to a monovalent 
cloalkyl group . group that has two or more rings condensed ( e.g. , fused ) to 

The term “ C3 - C1o cycloalkenyl group ” as used herein may each other , has at least one heteroatom selected from N , O , 
refer to a monovalent monocyclic group that has 3 to 10 5 Si , P , and S , other than carbon atoms ( e.g. , 2 to 60 carbon 
carbon atoms and at least one double bond in the ring atoms ) , as a ring - forming atom , and has non - aromaticity in 
thereof , and does not have aromaticity . Non - limiting the entire molecular structure ( e.g. , does not have overall 
examples of the Cz - C10 cycloalkenyl group include a cyclo aromaticity ) . Examples of the monovalent non - aromatic 
pentenyl group , a cyclohexenyl group , and a cycloheptenyl condensed heteropolycyclic group include a carbazolyl 
group . The term “ C3 - C1o cycloalkenylene group ” as used group . The term “ divalent non - aromatic condensed het 
herein may refer to a divalent group having the same eropolycyclic group ” as used herein may refer to a divalent 
structure as the C3 - C10 cycloalkenyl group . group having the same structure as the monovalent non 

aromatic condensed heteropolycyclic group . The term “ C - C10 heterocycloalkenyl group ” as used At least one substituent of the substituted C3 - C10 cycloal herein may refer to a monovalent monocyclic group that has 15 kylene group , the substituted C - C10 heterocycloalkylene 
at least one heteroatom selected from N , O , Si , P , and S as group , the substituted C - Clo cycloalkenylene group , the a ring - forming atom , 1 to 10 carbon atoms , and at least one substituted C , C10 heterocycloalkenylene group , the substi 
double bond in its ring . Non - limiting examples of the C , -C10 tuted C.-C. arylene group , the substituted C - C60 het 
heterocycloalkenyl group include a 2,3 - hydrofuranyl group eroarylene group , the substituted divalent non - aromatic con 
and a 2,3 - hydrothiophenyl group . The term “ C , -C10 hetero- 20 densed polycyclic group , the substituted divalent non 
cycloalkenylene group ” as used herein may refer to a aromatic condensed heteropolycyclic group , the substituted 
divalent group having the same structure as the C - C10 C - C60 alkyl group , the substituted C2 - C60 alkenyl group , 
heterocycloalkenyl group . the substituted C2 - C60 alkynyl group , the substituted C -C60 

The term “ Co - Coo aryl group ” as used herein may refer to alkoxy group , the substituted C3 - C10 cycloalkyl group , the 
a monovalent group having a carbocyclic aromatic system 25 substituted C1 - C10 heterocycloalkyl group , the substituted 
having 6 to 60 carbon atoms , and the term “ C.-C. arylene C3 - C10 cycloalkenyl group , the substituted C , -C10 hetero 
group , ” as used herein may refer to a divalent group having cycloalkenyl group , the substituted Co - C60 aryl group , the 
a carbocyclic aromatic system having 6 to 60 carbon atoms . substituted Co - C60 aryloxy group , the substituted Co - C60 
Non - limiting examples of the C.-C. aryl group include a arylthio group , the substituted C. - C6 heteroaryl group , the 
phenyl group , a naphthyl group , an anthracenyl group , a 30 substituted monovalent non - aromatic condensed polycyclic 
phenanthrenyl group , a pyrenyl group , and a chrysenyl group , and substituted monovalent non - aromatic condensed 
group . When the Co - C60 aryl group and the Co - C60 arylene heteropolycyclic group may be selected from the group 
group each independently include two or more rings , the consisting of : 
respective rings may be fused to each other . deuterium , -F , C1 , I , a hydroxyl group , a 

The term “ C - C6 heteroaryl group ” as used herein may 35 cyano group , a nitro group , an amino group , an amidino 
refer to a monovalent group having a carbocyclic aromatic group , a hydrazine group , a hydrazone group , a carboxylic 
system that has at least one heteroatom selected from N , O , acid group or a salt thereof , a sulfonic acid group or a salt 
Si , P , and S as a ring - forming atom and 1 to 60 carbon atoms . thereof , a phosphoric acid group or a salt thereof , a C , -C60 
The term “ C , -C6 heteroarylene group , ” as used herein may alkyl group , a C2 - C60 alkenyl group , a C2 - C60 alkynyl group , 
refer to a divalent group having a carbocyclic aromatic 40 and a C. - Coo alkoxy group , 
system that has at least one heteroatom selected from N , O , a C1 - C60 alkyl group , a C2 - C . alkenyl group , a C2 - C60 
Si , P , and S as a ring - forming atom , and 1 to 60 carbon alkynyl group , and a C , -C . alkoxy group , each substituted 
atoms . Non - limiting examples of the C - C . heteroaryl with at least one selected from deuterium , F , Cl , Br , 
group include a pyridinyl group , a pyrimidinyl group , a I , a hydroxyl group , a cyano group , a nitro group , an 
pyrazinyl group , a pyridazinyl group , a triazinyl group , a 45 amino group , an amidino group , a hydrazine group , a 
quinolinyl group , and an isoquinolinyl group . When the hydrazone group , a carboxylic acid group or a salt thereof , 
C - C6 heteroaryl group and the C - C6 heteroarylene group a sulfonic acid group or a salt thereof , a phosphoric acid 
each independently include two or more rings , the respective group or a salt thereof , a Cz - C1o cycloalkyl group , a C1 - C10 
rings may be fused to each other . heterocycloalkyl group , a Cz - C10 cycloalkenyl group , a 

The term " Co - Co aryloxy group ” as used herein may 50 C - C10 heterocycloalkenyl group , a Co - Coo aryl group , a 
refer to a monovalent group represented by Co - C60 aryloxy group , a Co - C60 arylthio group , a C - C60 
( wherein A102 is the Co - C60 aryl group ) , and the term heteroaryl group , a monovalent non - aromatic condensed 
“ C. - C60 arylthio group ” as used herein may refer to a polycyclic group , a monovalent non - aromatic condensed 
monovalent group represented by —SA103 ( wherein A103 is heteropolycyclic group , -N ( Q11 ) ( Q12 ) , Si ( Q13 ) ( Q14 ) 
the Co - C60 aryl group ) . 55 ( Q15 ) , and -B ( Q16 ) ( Q.7 ) , 

The term “ monovalent non - aromatic condensed polycy- a Cz - Cho cycloalkyl group , a C - C10 heterocycloalkyl 
clic group ” as used herein may refer to a monovalent group group , a Cz - C1o cycloalkenyl group , a C - C10 heterocy 
that has two or more rings condensed ( e.g. , fused ) to each cloalkenyl group , a Co - C60 aryl group , a C6 - C60 aryloxy 
other , only carbon atoms as a ring - forming atoms ( e.g. , 8 to group , a Co - C60 arylthio group , a C , -C6 heteroaryl group , a 
60 carbon atoms ) , and non - aromaticity in the entire molecu- 60 monovalent non - aromatic condensed polycyclic group , and 
lar structure ( e.g. , does not have overall aromaticity ) . A a monovalent non - aromatic condensed heteropolycyclic 
non - limiting example of the monovalent non - aromatic con- group , 
densed polycyclic group is a fluorenyl group . The term a Cz - Cho cycloalkyl group , a C - C10 heterocycloalkyl 
“ divalent non - aromatic condensed polycyclic group , " as group , a Cz - C1o cycloalkenyl group , a C - C10 heterocy 
used herein may refer to a divalent group having the same 65 cloalkenyl group , a Co - C60 aryl group , a Co - Coo aryloxy 
structure as the monovalent non - aromatic condensed poly- group , a C.-C. arylthio group , a C , -C heteroaryl group , a 
cyclic group . monovalent non - aromatic condensed polycyclic group , and 

Br , 

OA102 
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a monovalent non - aromatic condensed heteropolycyclic EXAMPLES 
group , each substituted with at least one selected from 
deuterium , F , Cl , Br , -I , a hydroxyl group , a cyano Example 1 
group , a nitro group , an amino group , an amidino group , a 
hydrazine group , a hydrazone group , a carboxylic acid group An ITO glass substrate ( a product of Corning Co. , Ltd ) 

with an ITO layer having a thickness of 15 Q2 / cm ( 1,200 Å ) or a salt thereof , a sulfonic acid group or a salt thereof , a thereon was cut to a size of 50 mmx50 mmx0.5 mm , and phosphoric acid group or a salt thereof , a C - C60 alkyl group , then , sonicated by using isopropyl alcohol and pure water , a C2 - C60 alkenyl group , a C2 - C60 alkynyl group , a C , -C60 each for 5 minutes , and cleaned by the exposure to ultra alkoxy group , a C3 - C10 cycloalkyl group , a C , -C10 hetero- violet rays for 30 minutes , and then ozone , and the resulting 
cycloalkyl group , a C3 - C1o cycloalkenyl group , a C - C10 ITO glass substrate was mounted on a vacuum deposition 
heterocycloalkenyl group , a Co - C60 aryl group , a Co - C60 apparatus . 
aryloxy group , a C.-C. arylthio group , a C1 - C6 heteroaryl Compound 1-2 was vacuum deposited on the ITO glass 
group , a monovalent non - aromatic condensed polycyclic substrate to form a first hole injection layer having a 
group , a monovalent non - aromatic condensed heteropoly , 15 vacuum deposited on the first hole injection layer to form a thickness of 600 Å , and then , Compound HTM1 was 
cyclic group , —N ( Q21 ) ( Q22 ) , Si ( Q23 ) ( Q24 ) ( Q26 ) , and second hole transport layer having a thickness of 100 Å . -B ( Q26 ) ( Q27 ) , and Compound 2-1 ( as a host ) and Compound BD ( as a dopant ) 
N ( Q31 ) ( Q32 ) , Si ( Q33 ) ( Q34 ) ( Q35 ) , and B ( 236 ) ( illustrated below ) were co - deposited on the second hole 

( Q37 ) , transport layer at a weight ratio of 95 : 5 , thereby forming an 
wherein Qu to Q17 , Q21 to Q27 , and Q37 to Q37 may 20 emission layer having a thickness of 300 Å . each Then , Compound 5-1 was vacuum deposited on the independently be selected from hydrogen , deuterium , -F , emission layer to form a first electron transport layer having 
Cl , Br , -I , a hydroxyl group , a cyano group , a nitro a thickness of 100 Å . Compound 4-1 and Liq were co 
group , an amino group , an amidino group , a hydrazine deposited on the first electron transport layer at a weight 
group , a hydrazone group , a carboxylic acid group or a salt ratio of 1 : 1 to form a second electron transport layer having 
thereof , a sulfonic acid group or a salt thereof , a phosphoric a thickness of 300 Å . LiF was deposited on the second 
acid group or a salt thereof , a C , -C60 alkyl group , a C2 - C60 electron transport layer to form an electron injection layer 
alkenyl group , a C2 - C60 alkynyl group , a C - C60 alkoxy having a thickness of 10 Å , and Al was deposited on the 
group , a C3 - C10 cycloalkyl group , a C7 - C10 heterocycloalkyl electron injection layer to form a cathode having at thickness 

of 2,000 Å , thereby completing the manufacture of an group , a Cz - C1o cycloalkenyl group , a C - C10 heterocy- 30 
cloalkenyl group , a C.-C. aryl group , a C.-C. heteroaryl organic light - emitting device . 
group , a monovalent non - aromatic condensed polycyclic Examples 2 to 9 and Comparative Examples 1 to 4 group , and a monovalent non - aromatic condensed heteropo 
lycyclic group . Organic light - emitting devices were each manufactured in 

The expression “ Ph ” used herein may refer to a phenyl 35 the same ( or substantially the same ) manner as in Example 
group , the expression “ Me ” used herein may refer to a 1 , except that compounds listed in Table 1 below were used 
methyl group , the expression “ Et ” used herein may refer to in forming the first hole transport layer , the second hole 
an ethyl group , the expression “ ter - Bu ” or “ But ” used herein transport layer , the emission layer , the first electron transport 
may refer to a tert - butyl group , and “ D ” may refer to layer , and the second electron transport layer . 
deuterium . Evaluation Example 1 

The term “ a biphenyl group ” as used herein may refer to 
a monovalent group having two benzene rings linked to each The efficiency and T90 lifespan of each of the organic other via a single bond , and the term “ a terphenyl group ” as light - emitting devices of Examples 1 to 9 and Comparative 
used herein may refer to a monovalent group having three 45 Examples 1 to 4 were measured by using a PR650 brightness benzene rings in which adjacent benzenes are linked to each measuring meter . Results thereof are shown in Table 1 
other via a single bond . below . Here , the T90 lifespan results were obtained by 

Hereinafter , an organic light - emitting device according to measuring the time at which the brightness of the organic 
one or more embodiments of the present disclosure will be light - emitting devices reached 90 % of the initial brightness 
described in more detail with reference to Synthesis ( measured as 100 % ) under conditions of current density of 
Examples and Examples . 10 mA / cm2 . 

25 

40 

TABLE 1 

Material for forming 
hole transport layer Material for 

Material for forming 
electron transport 

layer 

Second 
hole 

First 
hole 
transport 
layer 
( 60 nm ) 

transport 

forming First 
emission electron 
layer transport 
Host : Dopant layer 
( 30 nm ) ( 10 nm ) 

Second 
electron 
transport 
layer 
( 30 nm ) 

layer 
( 10 nm ) 

Efficiency Lifespan 
( cd / A ) ( T90 , hr ) 

95 
98 

Example 1 
Example 2 
Example 3 
Example 4 
Example 5 

1-2 
1-8 
1-20 
1-2 
NPB 

HTM1 
HTM1 
HTM1 
HTM1 
1-10 

2-1 : BD 
2-7 : BD 
ADN : 3-11 
ADN : 3-18 
2-4 : BD 

5-1 
5-2 
5-2 
5-1 
5-2 

4-1 : Liq 
4-3 : Liq 
4-6 : Liq 
4-11 : Liq 
4-5 : Liq 

5.5 
5.6 
5.4 
6.0 
5.4 

113 
87 
96 
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TABLE 1 - continued 

Material for forming 
hole transport layer Material for 

Material for forming 
electron transport 

layer 

First 
hole 
transport 
layer 
( 60 nm ) 

Second 
hole 
transport 
layer 
( 10 nm ) 

forming First 
emission electron 
layer transport 
Host : Dopant layer 
( 30 nm ) ( 10 nm ) 

Second 
electron 
transport 
layer 
( 30 nm ) 

Efficiency Lifespan 
( cd / A ) ( T90 , hr ) 

1-11 
1-12 
1-17 
1-19 

NPB 

2-11 : BD 
ADN : 3-1 
ADN : 3-7 
ADN : 3-12 
2-1 : BD 

5-2 
5-1 
4-1 
4-17 

4-7 : Liq 
4-13 : Liq 
5-4 : Liq 
5-4 : Liq 

4-1 : Liq 

5.6 
5.6 
5.5 
5.8 
4.5 

107 
95 
101 
110 
71 

Example 6 NPB 
Example 7 NPB 
Example 8 NPB 
Example 9 NPB 
Comparative 
Example 1 
Comparative 1-1 
Example 2 
Comparative NPB 
Example 3 
Comparative NPB 
Example 4 

HTM1 ADN : BD 4-1 : Liq 4.8 57 

1-9 2-1 : BD Alq3 4.4 63 

1-9 2-1 : BD 4-1 : Liq 5.1 80 

-continued 
1-1 1-8 

25 

30 

35 

N 

40 

1-2 45 

50 1-9 

55 
N 

60 

65 
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-continued -continued 
1-10 1-17 

5 

10 

N 
15 

20 

1-19 

25 

30 1-11 

35 

1-20 

40 

N 

45 

50 

2-1 

1-12 

55 

60 

65 
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-continued -continued 
2-4 3-7 

5 

10 

2-7 15 
3-11 

20 

25 

2-11 

30 

3-12 

35 

40 

3-1 

45 

3-18 

50 
N 

F F 

55 

60 

65 
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-continued -continued 
4-1 4-6 

5 

10 

N 

15 

' N 

20 

25 
4-7 

4-3 

30 

35 

40 N 
N 

45 

4-11 
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55 
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60 

65 
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-continued -continued 
4-13 5-2 

5 

10 

15 

N 

20 

4-17 5-4 
25 

N 30 

35 

40 

45 

50 

NPB 

5-1 55 

60 ? ? --- 65 HTM1 
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intervening elements may also be present . In contrast , when 
an element is referred to as being directly on ” or “ directly 
contacting ” another element , there are no intervening ele 
ments present . 
As used herein , the terms “ use , ” “ using , ” and “ used ” may 

be considered synonymous with the terms " utilize , " " utiliz 
ing , ” and “ utilized , ” respectively . 

In addition , as used herein , the terms “ substantially , " 
" about , ” and similar terms are used as terms of approxima 
tion and not as terms of degree , and are intended to account 
for the inherent deviations in measured or calculated values 
that would be recognized by those of ordinary skill in the art . 

Also , any numerical range recited herein is intended to 
include all sub - ranges of the same numerical precision 
subsumed within the recited range . For example , a range of 
“ 1.0 to 10.0 " is intended to include all subranges between 
( and including ) the recited minimum value of 1.0 and the 
recited maximum value of 10.0 , that is , having a minimum 
value equal to or greater than 1.0 and a maximum value 
equal to or less than 10.0 , such as , for example , 2.4 to 7.6 . 
Any maximum numerical limitation recited herein is 
intended to include all lower numerical limitations sub 
sumed therein and any minimum numerical limitation 
recited in this specification is intended to include all higher 
numerical limitations subsumed therein . Accordingly , Appli 
cant reserves the right to amend this specification , including 
the claims , to expressly recite any sub - range subsumed 
within the ranges expressly recited herein . 

It should be understood that embodiments described 
herein should be considered in a descriptive sense only and 
not for purposes of limitation . Descriptions of features or 
aspects within each embodiment should typically be con 
sidered as available for other similar features or aspects in 
other embodiments . 
While one or more embodiments have been described 

with reference to the drawings , it will be understood by 
those of ordinary skill in the art that various changes in form 
and details may be made therein without departing from the 

40 spirit and scope of the present disclosure as defined by the 
following claims and equivalents thereof . 

ADN 20 

N 25 

30 

35 
BD 

AL 

45 

50 Alq3 

Referring to the results shown in Table 1 , it can be seen 
that the organic light - emitting devices of Examples 1 to 9 
had improved efficiency and lifespan , compared to those of 55 
the organic light - emitting devices of Comparative Examples 
1 to 4 . 
An organic light - emitting device according to the one or 

more embodiments may have high efficiency and long 
lifespan . 

It will be understood that if a substituent that appears in 
the present disclosure is not expressly defined above , the 
definition of the substituent is consistent with a general 
definition thereof , unless stated otherwise . 

It will also be understood that when an element such as a 65 
layer , film , region , or substrate is referred to as being " on " 
another element , it can be directly on the other element or 

What is claimed is : 
1. An organic light - emitting device comprising : 
a first electrode ; 
a second electrode facing the first electrode ; 
an emission layer between the first electrode and the 

second electrode ; 
a hole transport region between the first electrode and the 

emission layer ; and 
an electron transport region between the emission layer 

and the second electrode , 
wherein the hole transport region comprises a first com 

pound , the emission layer comprises a second com 
pound and a third compound , and the electron transport 
region comprises a fourth compound and a fifth com 
pound , 

wherein the second compound is a fluorescent host and 
the third compound is a fluorescent dopant , 

the fourth compound is selected from compounds repre 
sented by Formulae 4-1 to 4-3 , 

the first compound and the fourth compound each inde 
pendently comprise at least one group selected from 
groups represented by Formulae A to D , 

at least one selected from the second compound and the 
third compound comprises at least one group selected 
from groups represented by Formulae A to D , and 

60 
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the fifth compound comprises , as a ring - forming moiety , linked to each other to form a saturated or unsaturated 
a nitrogen - containing heterocyclic group including ring , Rz and R4 are optionally linked to each other to 
* —N — ** of the fifth compound : form a saturated or unsaturated ring , R12 and R13 are 

optionally linked to each other to form a saturated or 
unsaturated ring , R21 and R23 are optionally linked to 

Formula A each other to form a saturated or unsaturated ring , R23 R3 R4 and R24 are optionally linked to each other to form a 
saturated or unsaturated ring , R22 and R24 are option 
ally linked to each other to form a saturated or unsatu 
rated ring , R31 and R33 are optionally linked to each 
other to form a saturated or unsaturated ring , and R33 

( R1 ) ( R2 ) c2 and R34 are optionally linked to each other to form a 
saturated or unsaturated ring , and 

* and ** each indicate a binding site with a neighboring 
atom , 

wherein Qi to Qs are each independently selected from a 
C - C10 alkyl group , a C1 - C1o alkoxy group , a phenyl 
group , a biphenyl group , a terphenyl group , and a 
naphthyl group , 

( R11c11 ( R12 ) c12 
Formula C 

R23 R24 
( L31 ) a31 

A22 X13 

( R21 ) 021 ( R22 ) c22 Ar32— ( L32 ) a32 
Formula D Formula 4-2 

R33 R34 [ E41— ( L32 ) a32 T22 A51-7 ( L31 ) a311 Ar31 ) , 
Formula 4-3 

[ E41— ( L31 ) a31 t , , Ar31 , 
A32 

wherein , in Formulae 4-1 to 4-3 , 
( R31 ) c31 ( R32 ) c32 X , is C- ( L33 ) a33 - Arz3 or N , X11 is C- ( L34 ) a34- ( Rs? ) or N , 

X12 is C- ( L35 ) 235- ( Rs ) or N , and X13 is C- ( L36 ) 236 
wherein , in Formulae A to D , ( R53 ) or N , wherein at least one selected from X , and 

Xu to X13 is N , ring A1 , ring A2 , ring A11 , ring A12 , ring A21 , ring A22 , As? is selected from a C5 - C30 a carbocyclic group and a ring A31 , and ring Az2 are each independently selected C1 - C30 heterocyclic group , provided that A?? is not an from a C5 - C30 carbocyclic group and a C - C30 hetero anthracene , cyclic group , L31 to L36 are each independently selected from a group R , to R4 , R11 to R13 , R21 to R24 , and R31 to R34 are each represented by Formula C , a group represented by independently selected from hydrogen , deuterium , -F , Formula D , a substituted or unsubstituted C3 - C10 Cl , Br , I , a hydroxyl group , a cyano group , a cycloalkylene group , a substituted or unsubstituted 
nitro group , an amino group , a substituted or unsubsti C1 - C10 heterocycloalkylene group , a substituted or 
tuted C -C60 alkyl group , a substituted or unsubstituted unsubstituted Cz - C10 cycloalkenylene group , a substi 
C2 - C60 alkenyl group , a substituted or unsubstituted tuted or unsubstituted C - Clo heterocycloalkenylene 
C2 - C60 alkynyl group , a substituted or unsubstituted 50 group , a substituted or unsubstituted C.-C. arylene 
C , -C60 alkoxy group , a substituted or unsubstituted group , a substituted or unsubstituted C , -C60 het 
Cz - C10 cycloalkyl group , a substituted or unsubstituted eroarylene group , a substituted or unsubstituted diva 
C - C10 heterocycloalkyl group , a substituted or unsub- lent non - aromatic condensed polycyclic group , and a 
stituted C3 - C1o cycloalkenyl group , a substituted or substituted or unsubstituted divalent non - aromatic con 
unsubstituted C - C10 heterocycloalkenyl group , a sub- 55 densed heteropolycyclic group , provided that L31 to L36 

are each independently not an anthracenylene group , 
tuted or unsubstituted Co - C60 aryloxy group , a substi- a31 to a36 are each independently an integer selected 
tuted or unsubstituted C.-C. arylthio group , a from 0 to 3 , 
substituted or unsubstituted C , -C6 heteroaryl group , a Ar31 to Ar33 , and E41 are each independently selected 
substituted or unsubstituted monovalent non - aromatic 60 from a group represented by Formula A , a group 
condensed polycyclic group , a substituted or unsubsti- represented by Formula B , a substituted or unsubsti 
tuted monovalent non - aromatic condensed heteropoly- tuted Cz - C10 cycloalkyl group , a substituted or unsub 
cyclic group , Si ( Q ) ( Q ) ( Q ) , and -N ( Q ) ( Q ) , stituted C - C10 heterocycloalkyl group , a substituted or 

cl , c2 , cli , c12 , c21 , c22 , c31 , and c32 are each inde- unsubstituted C3 - C10 cycloalkenyl group , a substituted 
pendently an integer selected from 0 to 10 , or unsubstituted C - C10 heterocycloalkenyl group , a 

R? and Rz are optionally linked to each other to form a substituted or unsubstituted Co - C60 aryl group , a sub 
saturated or unsaturated ring , R2 and R4 are optionally stituted or unsubstituted C , -C60 heteroaryl group , a 

30 n21 
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substituted or unsubstituted monovalent non - aromatic stituted or unsubstituted C - C60 alkoxy group , a 
condensed polycyclic group , and a substituted or substituted or unsubstituted Cz - C10 cycloalkyl group , a 
unsubstituted monovalent non - aromatic condensed het substituted or unsubstituted C1 - C1o heterocycloalkyl 
eropolycyclic group , group , a substituted or unsubstituted C3 - C10 cycloalk 

at least one selected from Arz? to Arz3 in Formula 4-1 is 5 enyl group , a substituted or unsubstituted C , -C10 het 
selected from groups represented by Formulae A and B , erocycloalkenyl group , a substituted or unsubstituted 

Arz? in Formula 4-2 is selected from groups represented Co - C60 aryl group , a substituted or unsubstituted 
by Formulae A and B , and E41 in Formula 4-2 includes Co - C60 aryloxy group , a substituted or unsubstituted 
a nitrogen - containing heterocyclic group including Co - C60 arylthio group , a substituted or unsubstituted 
* —N— * ' of the fourth compound , C - C6 heteroaryl group , a substituted or unsubstituted 

Arz? in Formula 4-3 is selected from groups represented monovalent non - aromatic condensed polycyclic group , 
by Formulae A and B , and E41 in Formula 4-3 includes a substituted or unsubstituted monovalent non - aromatic 
a nitrogen - containing heterocyclic group including condensed heteropolycyclic group , and Si ( Q ) ( Q2 ) 

** of the fourth compound , ( Q ) , 
wherein the nitrogen - containing heterocyclic group 15 n21 and n22 are each independently an integer selected 

including * = N ** of the fourth compound is selected from 0 to 10 , and 
from the group consisting of : at least one substituent of the substituted C3 - C10 cycloal 

a pyrrolyl group , an imidazolyl group , a pyrazolyl group , kylene group , the substituted C - C1o heterocycloal 
a thiazolyl group , an isothiazolyl group , an oxazolyl kylene group , the substituted C3 - C10 cycloalkenylene 
group , an isoxazolyl group , a pyridinyl group , a pyrazi- 20 group , the substituted C1 - C10 heterocycloalkenylene 
nyl group , a pyrimidinyl group , a pyridazinyl group , an group , the substituted Co - C60 arylene group , the sub 
isoindolyl group , an indolyl group , an indazolyl group , stituted C - C60 heteroarylene group , the substituted 
a purinyl group , a quinolinyl group , an isoquinolinyl divalent non - aromatic condensed polycyclic group , the 
group , a benzoquinolinyl group , a phthalazinyl group , substituted divalent non - aromatic condensed heteropo 
a naphthyridinyl group , a quinoxalinyl group , a qui- 25 lycyclic group , the substituted C1 - C60 alkyl group the 
nazolinyl group , a cinnolinyl group , a phenanthridinyl substituted C2 - C60 alkenyl group , the substituted 
group , an acridinyl group , a phenanthrolinyl group , a C2 - C . alkynyl group , the substituted CZ - C60 alkoxy 
phenazinyl group , a benzoimidazolyl group , a triazolyl group , the substituted Cz - Cho cycloalkyl group , the 
group , a tetrazolyl group , an oxadiazolyl group , a substituted C - C10 heterocycloalkyl group , the substi 
triazinyl group , a benzocarbazolyl group , a dibenzo- 30 tuted Cz - C1o cycloalkenyl group , the substituted 
carbazolyl group , a thiadiazolyl group , an imida- C - Clo heterocycloalkenyl group , the substituted 
zopyridinyl group , and an imidazopyrimidinyl group ; Co - C60 aryl group , the substituted C6 - C60 aryloxy 
and group , the substituted Co - C60 arylthio group , the sub 

a pyrrolyl group , an imidazolyl group , a pyrazolyl group , stituted C1 - C6 heteroaryl group , the substituted mon 
a thiazolyl group , an isothiazolyl group , an oxazolyl 35 ovalent non - aromatic condensed polycyclic group , and 
group , an isoxazolyl group , a pyridinyl group , a pyrazi- the substituted monovalent non - aromatic condensed 
nyl group , a pyrimidinyl group , a pyridazinyl group , an heteropolycyclic group is selected from the group con 
isoindolyl group , an indolyl group , an indazolyl group , sisting of : 
a purinyl group , a quinolinyl group , an isoquinolinyl a C -C60 alkyl group , a Cz - C10 cycloalkyl group , a C , -C10 
group , a benzoquinolinyl group , a phthalazinyl group , 40 heterocycloalkyl group , a C2 - C . alkenyl group , a 
a naphthyridinyl group , a quinoxalinyl group , a qui- Cz - C1o cycloalkenyl group , a C2 - Coo alkynyl group , a 
nazolinyl group , a cinnolinyl group , a phenanthridinyl C. - Co heterocycloalkenyl group , a C , -C60 alkoxy 
group , an acridinyl group , a phenanthrolinyl group , a group , a C.-C. aryl group , a C.-C. aryloxy group , a 
phenazinyl group , a benzoimidazolyl group , a triazolyl Co - C60 arylthio group , a C - C60 heteroaryl group , a 
group , a tetrazolyl group , an oxadiazolyl group , a 45 monovalent non - aromatic condensed polycyclic group , 
triazinyl group , a benzocarbazolyl group , a dibenzo and a monovalent non - aromatic condensed heteropo 
carbazolyl group , a thiadiazolyl group , an imida- lycyclic group , each unsubstituted or substituted with at 
zopyridinyl group , and an imidazopyrimidinyl group , least one selected from deuterium , —F , C1 , —Br , 
each substituted with at least one selected from deute -I , a hydroxyl group , a cyano group , a nitro group , an 
rium , -F , Cl , Br , —I , a hydroxyl group , a cyano 50 amino group , a C1 - C60 alkyl group , a Cz - C10 cycloalkyl 
group , a nitro group , an amino group , a C , -C20 alkyl group , a C - C10 heterocycloalkyl group , a C2 - C60 alk 
group , a C , -C20 alkoxy group , a phenyl group , a enyl group , a Cz - C1o cycloalkenyl group , a C2 - C60 
biphenyl group , a terphenyl group , a naphthyl group , a alkynyl group , a C1 - C10 heterocycloalkenyl group , a 
phenanthrenyl group , a pyridinyl group , a pyrazinyl C - Coo alkoxy group , a Co - Co aryl group , a C.-C. 
group , a pyrimidinyl group , a pyridazinyl group , a 55 aryloxy group , a C.-C. arylthio group , a C - C60 het 
quinolinyl group , an isoquinolinyl group , a benzoqui- eroaryl group , a monovalent non - aromatic condensed 
nolinyl group , a quinoxalinyl group , a quinazolinyl polycyclic group , a monovalent non - aromatic con 
group , a cinnolinyl group , a carbazolyl group , a densed heteropolycyclic group , —Si ( Q11 ) ( Q12 ) ( Q13 ) , 
phenanthrolinyl group , a benzoimidazolyl group , a and —N ( Q14 ) ( Q15 ) ; and 
benzofuranyl group , a benzothiophenyl group , an 60 Si ( Q31 ) ( Q32 ) ( Q33 ) , and -N ( Q34 ) ( Q35 ) , 
isobenzothiazolyl group , and a benzoxazolyl group , wherein Qi to Q3 , Qu to Q?s and Q31 to Q35 are each 

Rs1 to Rs3 are each independently selected from hydro- independently selected from hydrogen , deuterium , -F , 
gen , deuterium , - F , Cl , Br , -1 , a hydroxyl group , Cl , Br , I , a hydroxyl group , a cyano group , a 
a cyano group , a nitro group , an amino group , a nitro group , an amino group , a C - C60 alkyl group , a 
substituted or unsubstituted C -C60 alkyl group , a sub- 65 C2 - C60 alkenyl group , a C2 - C60 alkynyl group , a 
stituted or unsubstituted C2 - C60 alkenyl group , a sub- C - C . alkoxy group , a Cz - C10 cycloalkyl group , a 
stituted or unsubstituted C2 - C60 alkynyl group , a sub- C2 - C10 heterocycloalkyl group , a C3 - C10 cycloalkenyl 
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group , a C - C10 heterocycloalkenyl group , a Co - C60 group , a biphenyl group , a terphenyl group , a fluorenyl 
aryl group , a C , -C60 heteroaryl group , a monovalent group , a naphthyl group , and a phenanthryl group . 
non - aromatic condensed polycyclic group , and a mon 4. The organic light - emitting device of claim 1 , wherein ovalent non - aromatic condensed heteropolycyclic R , to R4 , R11 to R13 , R21 to R24 , and R31 to R34 are each group . independently selected from the group consisting of : 2. The organic light - emitting device of claim 1 , wherein 

ring A1 , ring A2 , ring A11 , and ring A12 are each indepen hydrogen , deuterium , -F , -Cl , Br , I , a hydroxyl 
dently selected from benzene , a naphthalene , a group , a cyano group , a nitro group , an amino group , a 
phenanthrene , an anthracene , a fluorene , a benzofluorene , a C - C20 alkyl group , and a C - C20 alkoxy group ; 
chrysene , a triphenylene , a pyridine , a pyrimidine , a quino- a C -C20 alkyl group and a C1 - C20 alkoxy group , each 
line , an isoquinoline , a benzoquinoline , a quinoxaline , a substituted with at least one selected from deuterium , 
quinazoline , phenanthroline , an indole , a carbazole , a ben -F , C1 , Br , I , a hydroxyl group , a cyano group , 
zofuran , a benzothiophene , a dibenzofuran , a dibenzothi- a nitro group , and an amino group ; 
ophene , and a benzonaphthothiophene . a phenyl group , a biphenyl group , a terphenyl group , a 

3. The organic light - emitting device of claim 1 , wherein fluorenyl group , a naphthyl group , a phenanthryl group , 
R , to R4 , Ru to R13 , R21 to R24 , and R31 to R34 are each an anthracenyl group , a pyridinyl group , a pyrimidinyl 
independently selected from the group consisting of : group , a triazinyl group , a quinolinyl group , an isoqui 

hydrogen , deuterium , -F , Cl , Br , -I , a hydroxyl nolinyl group , a quinazolinyl group , a quinoxalinyl 
group , a cyano group , a nitro group , an amino group , a 20 group , a dibenzofuranyl group , a dibenzothiophenyl 
C - C20 alkyl group , and a C , -C20 alkoxy group ; group , a carbolinyl group , and a carbazolyl group ; 

a phenyl group , a biphenyl group , a terphenyl group , a a C1 - C20 alkyl group , a C - C20 alkoxy group , a phenyl naphthyl group , a fluorenyl group , a spiro - fluorenyl 
group , a benzofluorenyl group , a dibenzofluorenyl group , a biphenyl group , a terphenyl group , a fluorenyl 
group , a phenanthrenyl group , an anthracenyl group , a 25 group , a naphthyl group , a phenanthryl group , an 
triphenylenyl group , a pyrenyl group , a chrysenyl anthracenyl group , a pyridinyl group , a pyrimidinyl 
group , a pyrrolyl group , a thiophenyl group , a furanyl group , a triazinyl group , a quinolinyl group , an isoqui 
group , an imidazolyl group , a pyrazolyl group , a thi nolinyl group , a quinazolinyl group , a quinoxalinyl 
azolyl group , an isothiazolyl group , an oxazolyl group , group , a dibenzofuranyl group , a dibenzothiophenyl 
an isoxazolyl group , a pyridinyl group , a pyrazinyl 30 group , a carbolinyl group , and a carbazolyl group , each 
group , a pyrimidinyl group , a pyridazinyl group , a substituted with at least one selected from deuterium , 
quinolinyl group , an isoquinolinyl group , a benzoqui -F , Cl , Br , -I , a hydroxyl group , a cyano group , 
nolinyl group , a quinoxalinyl group , a quinazolinyl a nitro group , an amino group , a C - C10 alkyl group , a 
group , a carbazolyl group , a benzoimidazolyl group , a C - C10 alkoxy group , and a Co - C16 aryl group ; and 
benzofuranyl group , a benzothiophenyl group , an 35 Si ( Q. ) Q ) ( Q ) , and -N ( Q . ) ( Q ) , 
isobenzothiazolyl group , a benzoxazolyl group , an wherein Qi to Qs are each independently selected from a isobenzoxazolyl group , an oxadiazolyl group , a triazi C1 - C10 alkyl group , a C1 - C10 alkoxy group , a phenyl nyl group , a dibenzofuranyl group , a dibenzothiophe group , a biphenyl group , a terphenyl group , a fluorenyl nyl group , an imidazopyridinyl group , and an imida group , a phenanthryl group , an anthracenyl group , and zopyrimidinyl group ; a naphthyl group . a C - C20 alkyl group , a C , -C20 alkoxy group , a phenyl 
group , a biphenyl group , a terphenyl group , a naphthyl 5. The organic light - emitting device of claim 1 , wherein 
group , a fluorenyl group , a spiro - fluorenyl group , a the first compound and the fourth compound each indepen 
benzofluorenyl group , a dibenzofluorenyl group , a dently comprise at least one group selected from groups 
phenanthrenyl group , an anthracenyl group , a triph- 45 represented by Formulae A - 1 , A - 2 , B - 1 , C - 1 , C - 2 , and D - 1 ; 
enylenyl group , a pyrenyl group , a chrysenyl group , a and at least one of the second compound and the third 
pyrrolyl group , a thiophenyl group , a furanyl group , an compound each independently comprise at least one group 
imidazolyl group , a pyrazolyl group , a thiazolyl group , selected from groups represented by Formulae A - 1 , A - 2 , 
an isothiazolyl group , an oxazolyl group , an isoxazolyl B - 1 , C - 1 , C - 2 , and D - 1 : 
group , a pyridinyl group , a pyrazinyl group , a pyrim- 50 
idinyl group , a pyridazinyl group , a quinolinyl group , 
an isoquinolinyl group , a benzoquinolinyl group , a R3 R4 quinoxalinyl group , a quinazolinyl group , a carbazolyl 
group , a benzoimidazolyl group , a benzofuranyl group , 
a benzothiophenyl group , an isobenzothiazolyl group , a 55 
benzoxazolyl group , an isobenzoxazolyl group , an oxa 
diazolyl group , a triazinyl group , a dibenzofuranyl 
group , a dibenzothiophenyl group , an imidazopyridinyl ( R1 ) ( R2 ) c2 group , and an imidazopyrimidinyl group , each substi Formula A - 2 
tuted with at least one selected from deuterium , -F , 60 R3 R4 
Cl , Br , I , a hydroxyl group , a cyano group , a 

nitro group , an amino group , a C - C10 alkyl group , a 
C - Clo alkoxy group , a C. - Caryl group , and a Cz - C16 
heteroaryl group ; and 
Si ( Q . ) ( Q2 ) ( Q3 ) , and - N ( Q . ) ( Q ) , 

wherein Qi to Rs are each independently selected from a ( R2 ) c2 
C - C10 alkyl group , a C , -C10 alkoxy group , a phenyl 

40 

Formula A - 1 

AL 

A2 ? 

65 

( R1 ) c1 



US 10,930,853 B2 
133 134 

-continued -continued 
Formula B - 1 Formula 2-2 

R13 ( R41 ) 641— ( L11a11 Arii 
Formula 3-1 

5 

A11 Ar21 
( L22 ) a22 -Ar22 
/ 

- ( L21 ) 821 — N 
( L23 ) a23 — Ar23 

Formula 3-2 ( R11c11 ( R12 ) c12 Ar21 ( L21 ) a21 ( L23 ) a23 — Ar23 Formula C - 1 10 
R23 R24 

- ( L25 ) a25 
/ Ar22 - ( L22 ) a22 ( L24 ) a24 — Ar24 

A22 Formula 5-1 * 

( L41 ) a41 - Ar41 15 

( R21 / c21 ( R22 ) c22 
X23 X21 Formula C - 2 

R23 R24 
* 

Ar43 - ( L43 ) 043 X22 ( L42 ) 442 — Ar42 
20 Formula 5-2 

A22 [ R71 - ( L42 ) 042 1232A61 - F ( L41 ) 941 — Esi ] n31 , 

( R22 ) c22 
25 

( R21c21 
Formula D - 1 

R33 R34 
30 

A32 

( R31 ) c31 ( R32 ) c32 , 35 

40 

wherein , in Formulae A - 1 , A - 2 , B - 1 , C - 1 , C - 2 , and D - 1 , 
descriptions of A1 , A2 , A11 , A22 , A32 , R , to R4 , R11 to R13 , 

R21 to R24 and R31 to R34 are the same as in Formulae 
A to D , 

descriptions of c1 , c2 , c11 , c12 , c21 , c22 , c31 , and c32 are 
the same as in Formulae A to D , and 

* and ** each indicate a binding site with a neighboring 
atom . 

6. The organic light - emitting device of claim 1 , wherein 45 
the first compound is selected from compounds repre 

sented by Formulae 1-1 and 1-2 , 
the second compound is selected from compounds rep 

resented by Formulae 2-1 and 2-2 , 
the third compound is selected from compounds repre 

sented by Formulae 3-1 and 3-2 , and 
the fifth compound is selected from compounds repre 

sented by Formulae 5-1 and 5-2 : 

wherein , in the formulae above , 
X21 is C- ( L44 ) 944- ( 61 ) or N , X22 is C- ( L45 ) 945- ( R.2 ) or N , 

and X23 is C- ( L46 ) a46- ( R63 ) or N , wherein at least one 
selected from X21 to X23 is N , 

A41 and A61 are each independently selected from a 
C3 - C30 carbocyclic group and a C , -C30 heterocyclic 
group , 

L , to Ls , L11 , L12 , L21 to L2s , and L4 to L46 are each 
independently selected from a group represented by 
Formula C , a group represented by Formula D , a 
substituted or unsubstituted Cz - Cio cycloalkylene 
group , a substituted or unsubstituted C - C10 heterocy 
cloalkylene group , a substituted or unsubstituted 
C3 - C10 cycloalkenylene group , a substituted or unsub 
stituted C - C10 heterocycloalkenylene group , a substi 
tuted or unsubstituted Co - C60 arylene group , a substi 
tuted or unsubstituted C -C60 heteroarylene group , a 
substituted or unsubstituted divalent non - aromatic con 
densed polycyclic group , and a substituted or unsub 
stituted divalent non - aromatic condensed heteropoly 
cyclic group , 

al to a5 , all , a12 , a21 to a25 , and a41 to a46 are each 
independently an integer selected from 0 to 3 , 

Ar , to Art , Ar11 , Arg1 to Ar24 , Ar41 to Ar43 , and Es? are 
each independently selected from a group represented 
by Formula A , a group represented by Formula B , a 
substituted or unsubstituted C3 - C10 cycloalkyl group , a 
substituted or unsubstituted C - C10 heterocycloalkyl 
group , a substituted or unsubstituted Cz - C10 cycloalk 
enyl group , a substituted or unsubstituted C - C10 het 
erocycloalkenyl group , a substituted or unsubstituted 
Co - C60 aryl group , a substituted or unsubstituted 
CZ - C60 heteroaryl group , a substituted or unsubstituted 
monovalent non - aromatic condensed polycyclic group , 
and a substituted or unsubstituted monovalent non 
aromatic condensed heteropolycyclic group , 

Ari and Ar2 are optionally linked to each other to form a 
saturated or unsaturated ring , and Arz and Ar4 are 
optionally linked to each other to form a saturated or 
unsaturated ring , 

i ) at least one selected from Ar? to Arz in Formula 1-1 is 
selected from groups represented by Formulae A and B , 

50 

55 
Formula 1-1 

( L2 ) a2 -Ar2 

Ari - ( L1 ) al 
( L3 ) a3 -Arz 

Formula 1-2 60 
Ari - ( L1 ) al ( L3 ) a3 — Arz 

N ( L5 ) a5 
Ar2 - ( L2 ) a2 ( L4 ) 94 — Ar4 

Formula 2-1 65 
[ R41- ( L12 ) a121212A414F ( L11a11- Arudni1 
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and ii ) at least one selected from Ly to Lz in Formula substituted divalent non - aromatic condensed heteropo 
1-1 is selected from groups represented by Formulae C lycyclic group , the substituted C -C60 alkyl group , the 
and D , substituted C2 - C60 alkenyl group , the substituted 

i ) at least one selected from Ar? to Ar4 in Formula 1-2 is C2 - C60 alkynyl group , the substituted C -C60 alkoxy 
selected from groups represented by Formulae A and B , 5 group , the substituted C3 - C1o cycloalkyl group , the 
and ii ) L5 in Formula 1-2 is selected from groups substituted C - C10 heterocycloalkyl group , the substi 
represented by Formulae C and D , tuted Cz - C1o cycloalkenyl group , the substituted 

i ) Ar11 in Formula 2-1 is selected from groups represented C1 - C10 heterocycloalkenyl group , the substituted 
by Formulae A and B , ii ) at least one selected from L11 C.-C. aryl group , the substituted C.-C. aryloxy 
and L12 in Formula 2-1 is selected from groups repre- 10 group , the substituted Co - C60 arylthio group , the sub 
sented by Formulae C and D , iii ) L11 in Formula 2-2 is stituted C -C6 heteroaryl group , the substituted mon 
selected from groups represented by Formulae C and ovalent non - aromatic condensed polycyclic group , and 
D , iv ) at least one selected from L21 to L23 in Formula the substituted monovalent non - aromatic condensed 
3-1 is selected from groups represented by Formulae C heteropolycyclic group is selected from the group con 
and D , v ) at least one selected from Ar21 to Ar23 in 15 sisting of : 
Formula 3-1 is selected from groups represented by a C.-C. alkyl group , a Cz - C1o cycloalkyl group , a C - C10 
Formulae A and B , vi ) L25 in Formula 3-2 is selected heterocycloalkyl group , a C2 - C60 alkenyl group , a 
from groups represented by Formulae C and D , vii ) at Cz - Cho cycloalkenyl group , a C2 - C60 alkynyl group , a 
least one selected from Ar21 to Ar24 in Formula 3-2 is C - C10 heterocycloalkenyl group , a C1 - C60 alkoxy 
selected from groups represented by Formulae A and B , 20 group , a C.-C. aryl group , a Co - C60 aryloxy group , a 
or viii ) Ar11 in Formula 2-1 is selected from groups Co - C60 arylthio group , a C - C6 heteroaryl group , a 
represented by Formulae A and B , at least one selected monovalent non - aromatic condensed polycyclic group , 
from Lui and L12 in Formula 2-1 is selected from and a monovalent non - aromatic condensed heteropo 
groups represented by Formulae C and D , Lui in lycyclic group , each unsubstituted or substituted with at 
Formula 2-2 is selected from groups represented by 25 least one selected from deuterium , -F , Cl , Br , 
Formulae C and D , at least one selected from L21 to L23 -1 , a hydroxyl group , a cyano group , a nitro group , an 
in Formula 3-1 is selected from groups represented by amino group , a C , -C . alkyl group , a C3 - C10 cycloalkyl 
Formulae C and D , at least one selected from Ar21 to group , a C - C10 heterocycloalkyl group , a C2 - C60 alk 
Ar23 in Formula 3-1 is selected from groups repre- enyl group , a C3 - C10 cycloalkenyl group , a C2 - C60 
sented by Formulae A and B , L25 in Formula 3-2 is 30 alkynyl group , a C1 - C10 heterocycloalkenyl group , a 
selected from groups represented by Formulae C and C.-C. alkoxy group , a C.-C. aryl group , a C.-C. 
D , and at least one selected from Ar21 to Ar24 in aryloxy group , a Co - C60 arylthio group , a C , -C6 het 
Formula 3-2 is selected from groups represented by eroaryl group , a monovalent non - aromatic condensed 
Formulae A and B , polycyclic group , a monovalent non - aromatic con 

Es? in Formula 5-2 includes , as a ring - forming moiety , a 35 densed heteropolycyclic group , Si ( Q ) ( Q.2 ) ( Q13 ) , 
nitrogen - containing heterocyclic group including and - N ( Q14 ) ( Q15 ) ; and 

-Si ( Q31 ) ( Q32 ) ( Q33 ) , and ) -N ( Q3 ) Qas ) , 
R41 , R61 to R63 , and R71 are each independently selected wherein Qi to Q3 , Qu to Qis , and Q31 to Q3s are each 

from hydrogen , deuterium , F , Cl , Br , —I , a independently selected from hydrogen , deuterium , -F , 
hydroxyl group , a cyano group , a nitro group , an amino 40 Cl , Br , -I , a hydroxyl group , a cyano group , a 
group , a substituted or unsubstituted C - C60 alkyl nitro group , an amino group , a C - C60 alkyl group , a 
group , a substituted or unsubstituted C2 - C60 alkenyl C2 - C60 alkenyl group , a C2 - C60 alkynyl group , a 
group , a substituted or unsubstituted C2 - C60 alkynyl C - Coo alkoxy group , a Cz - C10 cycloalkyl group , a 
group , a substituted or unsubstituted C - C . alkoxy C - C10 heterocycloalkyl group , a Cz - C10 cycloalkenyl 
group , a substituted or unsubstituted C3 - C10 cycloalkyl 45 group , a C - Clo heterocycloalkenyl group , a Co - C60 
group , a substituted or unsubstituted C , C10 heterocy- aryl group , a C -C6 heteroaryl group , a monovalent 
cloalkyl group , a substituted or unsubstituted C3 - C10 non - aromatic condensed polycyclic group , and a mon 
cycloalkenyl group , a substituted or unsubstituted ovalent non - aromatic condensed heteropolycyclic 
C7 - C10 heterocycloalkenyl group , a substituted or group . 
unsubstituted C.-C. aryl group , a substituted or unsub- 50 7. The organic light - emitting device of claim 6 , wherein 
stituted Co - C60 aryloxy group , a substituted or unsub- A41 , A51 , and A61 are each independently selected from a 
stituted C.-C. arylthio group , a substituted or unsub- naphthalene , a heptalene , a fluorene , a spiro - fluorene , a 
stituted C1 - C60 heteroaryl group , a substituted or benzofluorene , dibenzofluorene , a phenalene , 
unsubstituted monovalent non - aromatic condensed phenanthrene , an anthracene , a fluoranthene , a triphenylene , 
polycyclic group , a substituted or unsubstituted mon- 55 a pyrene , a chrysene , a naphthacene , a picene , a perylene , a 
ovalent non - aromatic condensed heteropolycyclic pentaphene , and an indenoanthracene , 
group , and - Si ( Q ) ( Q ) ( Q ) , provided that As? is not an anthracene . 

c41 is an integer selected from 0 to 4 , 8. The organic light - emitting device of claim 6 , wherein 
n11 , n12 , n31 , and n32 are each independently an integer Li to L5 , L11 , L12 , L21 to L25 , L31 to L36 , and L41 to L46 are 

selected from 0 to 10 , and 60 each independently selected from the group consisting of : 
at least one substituent of the substituted Cz - C10 cycloal- a group represented by Formula C , a group represented by 

kylene group , the substituted C1 - C10 heterocycloal- Formula D , a phenylene group , a pentalenylene group , 
kylene group , the substituted Cz - C1o cycloalkenylene an indenylene group , a naphthylene group , an azule 
group , the substituted C. - C10 heterocycloalkenylene nylene group , a heptalenylene group , an indacenylene 
group , the substituted Co - C60 arylene group , the sub- 65 group , an acenaphthylene group , a phenalenylene 
stituted C -C60 heteroarylene group , the substituted group , a phenanthrenylene group , an anthracenylene 
divalent non - aromatic condensed polycyclic group , the group , a fluoranthenylene group , a triphenylenylene 

* ZN 
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group , a pyrenylene group , a chrysenylene group , a group , an anthracenyl group , a fluoranthenyl group , a 
naphthacenylene group , a picenylene group , a peryle- triphenylenyl group , a pyrenyl group , a chrysenyl 
nylene group , a rubicenylene group , a pyrrolylene group , a pyrrolyl group , a thiophenyl group , a furanyl 
group , a thiophenylene group , a furanylene group , an group , an imidazolyl group , a pyrazolyl group , a thi 
imidazolylene group , a pyrazolylene group , a thiaz- 5 azolyl group , an isothiazolyl group , an oxazolyl group , 
olylene group , an isothiazolylene group , an an isoxazolyl group , a pyridinyl group , a pyrazinyl 
zolylene group , an isoxazolylene group , a pyridinylene group , a pyrimidinyl group , a pyridazinyl group , an 
group , a pyrazinylene group , a pyrimidinylene group , a isoindolyl group , an indolyl group , an indazolyl group , 
pyridazinylene group , an isoindolylene group , an indo- a purinyl group , a quinolinyl group , an isoquinolinyl 
lylene group , an indazolylene group , a purinylene 10 group , a benzoquinolinyl group , a naphthyridinyl 
group , a quinolinylene group , an isoquinolinylene group , a quinoxalinyl group , a quinazolinyl group , a 
group , a benzoquinolinylene group , a phthalazinylene cinnolinyl group , a carbazolyl group , a phenanthridinyl 
group , a naphthyridinylene group , a quinoxalinylene group , an acridinyl group , a phenanthrolinyl group , a 
group , a quinazolinylene group , a cinnolinylene group , phenazinyl group , a benzoimidazolyl group , a benzo 
a carbazolylene group , a phenanthridinylene group , an 15 furanyl group , a benzothiophenyl group , an isobenzo 
acridinylene group , a phenanthrolinylene group , a thiazolyl group , a benzoxazolyl group , an isobenzoxa 
phenazinylene group , a benzoimidazolylene group , a zolyl group , a triazolyl group , a tetrazolyl group , an 
benzofuranylene group , a benzothiophenylene group , oxadiazolyl group , a triazinyl group , a dibenzofuranyl 
an isobenzothiazolylene group , a benzoxazolylene group , a dibenzothiophenyl group , a benzocarbazolyl 
group , an isobenzoxazolylene group , a triazolylene 20 group , a dibenzocarbazolyl group , a thiadiazolyl group , 
group , a tetrazolylene group , an oxadiazolylene group , an imidazopyridinyl group , and an imidazopyrimidinyl 
a triazinylene group , a dibenzofuranylene group , a group , 
dibenzothiophenylene group , a benzocarbazolylene provided that L31 to L36 are each independently not an 
group , a dibenzocarbazolylene group , a thiadiazolylene anthracenylene group . 
group , an imidazopyridinylene group , and an imida- 25 9. The organic light - emitting device of claim 6 , wherein 
zopyrimidinylene group ; and Ar? to Ar4 , Ar11 , Ar21 to Ar24 , Arz? to Ar33 , and Ar41 to Ar 43 

a phenylene group , a pentalenylene group , an indenylene are each independently selected from the group consisting 
group , a naphthylene group , an azulenylene group , a of : 
heptalenylene group , an indacenylene group , an ace- a group represented by Formula A and a group repre 
naphthylene group , a phenalenylene group , a 30 sented by Formula B ; 
phenanthrenylene group , an anthracenylene group , a a phenyl group , a biphenyl group , a terphenyl group , a 
fluoranthenylene group , a triphenylenylene group , a pentalenyl group , an indenyl group , a naphthyl group , 
pyrenylene group , a chrysenylene group , a naphthace- an azulenyl group , a heptalenyl group , an indacenyl 
nylene group , a picenylene group , a perylenylene group , an acenaphthyl group , a phenalenyl group , a 
group , a rubicenylene group , a pyrrolylene group , a 35 phenanthrenyl group , an anthracenyl group , a fluo 
thiophenylene group , a furanylene group , an imida- ranthenyl group , a triphenylenyl group , a pyrenyl 
zolylene group , a pyrazolylene group , a thiazolylene group , a chrysenyl group , a naphthacenyl group , a 
group , an isothiazolylene group , an oxazolylene group , picenyl group , a perylenyl group , a rubicenyl group , a 
an isoxazolylene group , a pyridinylene group , a pyrazi- pyrrolyl group , a thiophenyl group , a furanyl group , an 
nylene group , a pyrimidinylene group , a pyridazinylene 40 imidazolyl group , a pyrazolyl group , a thiazolyl group , 
group , an isoindolylene group , an indolylene group , an an isothiazolyl group , an oxazolyl group , an isoxazolyl 
indazolylene group , a purinylene group , a quinoli- group , a pyridinyl group , a pyrazinyl group , a pyrim 
nylene group , an isoquinolinylene group , a benzoqui- idinyl group , a pyridazinyl group , an isoindolyl group , 
nolinylene group , a phthalazinylene group , a naphthy- an indolyl group , an indazolyl group , a purinyl group , 
ridinylene group , a quinoxalinylene group , a quinolinyl group , an isoquinolinyl group , a benzo 
quinazolinylene group , a cinnolinylene group , a carba- quinolinyl group , a phthalazinyl group , a naphthyridi 
zolylene group , a phenanthridinylene group , an acridi- nyl group , a quinoxalinyl group , a quinazolinyl group , 
nylene group , a phenanthrolinylene group , a phenazi- a cinnolinyl group , a carbazolyl group , a phenanthridi 
nylene group , benzoimidazolylene group , nyl group , an acridinyl group , a phenanthrolinyl group , 
benzofuranylene group , a benzothiophenylene group , 50 a phenazinyl group , a benzoimidazolyl group , a ben 
an isobenzothiazolylene group , a benzoxazolylene zofuranyl group , a benzothiophenyl group , a benzothi 
group , an isobenzoxazolylene group , a triazolylene azolyl group , an isobenzothiazolyl group , a benzooxa 
group , a tetrazolylene group , an oxadiazolylene group , zolyl group , an isobenzoxazolyl group , a triazolyl 
a triazinylene group , a dibenzofuranylene group , a group , a tetrazolyl group , an oxadiazolyl group , a 
dibenzothiophenylene group , a benzocarbazolylene 55 triazinyl group , a benzocarbazolyl group , a dibenzo 
group , a dibenzocarbazolylene group , a thiadiazolylene carbazolyl group , a thiadiazolyl group , an imida 
group , an imidazopyridinylene group , and an imida- zopyridinyl group , and an imidazopyrimidinyl group ; 
zopyrimidinylene group , each substituted with at least and 
one selected from deuterium , —F , C1 , —Br , —I , a a phenyl group , a biphenyl group , a terphenyl group , a 
hydroxyl group , a cyano group , a nitro group , an amino 60 pentalenyl group , an indenyl group , a naphthyl group , 
group , a C , -C20 alkyl group , a C1 - C20 alkoxy group , a an azulenyl group , a heptalenyl group , an indacenyl 
cyclopentyl group , a cyclohexyl group , a phenyl group , group , an acenaphthyl group , a phenalenyl group , a 
a biphenyl group , a terphenyl group , a pentalenyl phenanthrenyl group , an anthracenyl group , a fluo 
group , an indenyl group , a naphthyl group , an indace- ranthenyl group , a triphenylenyl group , a pyrenyl 
nyl group , an acenaphthyl group , a fluorenyl group , a 65 group , a chrysenyl group , a naphthacenyl group , a 
spiro - fluorenyl group , a benzofluorenyl group , a diben- picenyl group , a perylenyl group , a rubicenyl group , a 
zofluorenyl group , a phenalenyl group , a phenanthrenyl pyrrolyl group , a thiophenyl group , a furanyl group , an 
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imidazolyl group , a pyrazolyl group , a thiazolyl group , group , an isoxazolyl group , a pyridinyl group , a pyrazi 
an isothiazolyl group , an oxazolyl group , an isoxazolyl nyl group , a pyrimidinyl group , a pyridazinyl group , an 
group , a pyridinyl group , a pyrazinyl group , a pyrim isoindolyl group , an indolyl group , an indazolyl group , 
idinyl group , a pyridazinyl group , an isoindolyl group , a purinyl group , a quinolinyl group , an isoquinolinyl 
an indolyl group , an indazolyl group , a purinyl group , 5 group , a benzoquinolinyl group , a phthalazinyl group , 
a quinolinyl group , an isoquinolinyl group , a benzo- a naphthyridinyl group , a quinoxalinyl group , a qui 
quinolinyl group , a phthalazinyl group , a naphthyridi- nazolinyl group , a cinnolinyl group , a phenanthridinyl 
nyl group , a quinoxalinyl group , a quinazolinyl group , group , an acridinyl group , a phenanthrolinyl group , a 
a cinnolinyl group , a carbazolyl group , a phenanthridi- phenazinyl group , a benzoimidazolyl group , a triazolyl 
nyl group , an acridinyl group , a phenanthrolinyl group , 10 group , a tetrazolyl group , an oxadiazolyl group , a 
a phenazinyl group , a benzoimidazolyl group , a ben- triazinyl group , a benzocarbazolyl group , a dibenzo 
zofuranyl group , a benzothiophenyl group , a benzothi- carbazolyl group , a thiadiazolyl group , an imida 
azolyl group , an isobenzothiazolyl group , a benzoxa- zopyridinyl group , and an imidazopyrimidinyl group ; 
zolyl group , an isobenzoxazolyl group , a triazolyl and 
group , a tetrazolyl group , an oxadiazolyl group , a 15 a pyrrolyl group , an imidazolyl group , a pyrazolyl group , 
triazinyl group , a benzocarbazolyl group , a dibenzo- a thiazolyl group , an isothiazolyl group , an oxazolyl 
carbazolyl group , a thiadiazolyl group , an imida- group , an isoxazolyl group , a pyridinyl group , a pyrazi 
zopyridinyl group , and an imidazopyrimidinyl group , nyl group , a pyrimidinyl group , a pyridazinyl group , an 
each substituted with at least one selected from deute isoindolyl group , an indolyl group , an indazolyl group , 
rium , F , CI , -I , a hydroxyl group , a cyano 20 a purinyl group , a quinolinyl group , an isoquinolinyl 
group , a nitro group , an amino group , a C , -C20 alkyl group , a benzoquinolinyl group , a phthalazinyl group , 
group , a C - C20 alkoxy group , a cyclopentyl group , a a naphthyridinyl group , a quinoxalinyl group , a qui 
cyclohexyl group , a phenyl group , a biphenyl group , a nazolinyl group , a cinnolinyl group , a phenanthridinyl 
terphenyl group , a pentalenyl group , an indenyl group , group , an acridinyl group , a phenanthrolinyl group , a 
a naphthyl group , an indacenyl group , an acenaphthyl 25 phenazinyl group , a benzoimidazolyl group , a triazolyl 
group , a fluorenyl group , a spiro - fluorenyl group , a group , a tetrazolyl group , an oxadiazolyl group , a 
benzofluorenyl group , a dibenzofluorenyl group , a phe- triazinyl group , a benzocarbazolyl group , a dibenzo 
nalenyl group , a phenanthrenyl group , an anthracenyl carbazolyl group , a thiadiazolyl group , an imida 
group , a fluoranthenyl group , a triphenylenyl group , a zopyridinyl group , and an imidazopyrimidinyl group , 
pyrenyl group , a chrysenyl group , a perylenyl group , a 30 each substituted with at least one selected from deute 
pyrrolyl group , a thiophenyl group , a furanyl group , an rium , F , Cl , Br , I , a hydroxyl group , a cyano 
imidazolyl group , a pyrazolyl group , a thiazolyl group , group , a nitro group , an amino group , a C / -C20 alkyl 
an isothiazolyl group , an oxazolyl group , an isoxazolyl group , a C - C20 alkoxy group , a phenyl group , a 
group , a pyridinyl group , a pyrazinyl group , a pyrim biphenyl group , a terphenyl group , a naphthyl group , a 
idinyl group , a pyridazinyl group , an isoindolyl group , 35 phenanthrenyl group , a pyridinyl group , a pyrazinyl 
an indolyl group , an indazolyl group , a purinyl group , group , a pyrimidinyl group , a pyridazinyl group , a 
a quinolinyl group , an isoquinolinyl group , a benzo- quinolinyl group , an isoquinolinyl group , a benzoqui 
quinolinyl group , a phthalazinyl group , a naphthyridi- nolinyl group , a quinoxalinyl group , a quinazolinyl 
nyl group , a quinoxalinyl group , a quinazolinyl group , group , a cinnolinyl group , a carbazolyl group , a 
a cinnolinyl group , a carbazolyl group , a phenanthridi- 40 phenanthrolinyl group , a benzoimidazolyl group , a 
nyl group , an acridinyl group , a phenanthrolinyl group , benzofuranyl group , a benzothiophenyl group , an 
a phenazinyl group , a benzoimidazolyl group , a ben- isobenzothiazolyl group , and a benzoxazolyl group . 
zofuranyl group , a benzothiophenyl group , a benzothi- 11. The organic light - emitting device of claim 6 , wherein 
azolyl group , an isobenzothiazolyl group , a benzoxa- R41 , R51 to R53 , R.1 to R63 , and R71 are each independently 
zolyl group , an isobenzoxazolyl group , a triazolyl 45 selected from the group consisting of : 
group , a tetrazolyl group , an oxadiazolyl group , a hydrogen , deuterium , —F , Cl , Br , I , a hydroxyl 
triazinyl group , a benzocarbazolyl group , a dibenzo- group , and a cyano group ; a C - C10 alkyl group , a 
carbazolyl group , a thiadiazolyl group , an imida- C. - Clo alkoxy group , a phenyl group , a naphthyl group , 
zopyridinyl group , an imidazopyrimidinyl group , and a pyridinyl group , a pyrimidinyl group , a triazinyl 
Si ( Q31 ) ( Q32 ) ( Q33 ) , group , and a carbazolyl group ; 

wherein Q31 to Q33 are each independently selected from a C - C10 alkyl group , a C1 - C1o alkoxy group , a phenyl 
hydrogen , deuterium , -F , -Cl , Br , -I , a hydroxyl group , a naphthyl group , a pyridinyl group , a pyrim 
group , a cyano group , a nitro group , an amino group , a idinyl group , a triazinyl group , and a carbazolyl group , 
C - C20 alkyl group , a C - C20 alkoxy group , a phenyl each substituted with at least one selected from deute 
group , a biphenyl group , a terphenyl group , a naphthyl 55 rium , —F , Cl , Br , —1 , a hydroxyl group , a cyano 
group , a fluorenyl group , a spiro - fluorenyl group , a group , a nitro group , an amino group , a C - C10 alkyl 
benzofluorenyl group , a dibenzofluorenyl group , a group , a C , -C1o alkoxy group , a phenyl group , a 
phenanthrenyl group , an anthracenyl group , a pyrenyl biphenyl group , a terphenyl group , a naphthyl group , a 
group , a chrysenyl group , a pyridinyl group , a pyrazi- pyridinyl group , a pyrimidinyl group , a triazinyl group , 
nyl group , a pyrimidinyl group , a pyridazinyl group , a 60 and Si ( Q31 ) ( Q32 ) ( Q33 ) ; and 
quinolinyl group , an isoquinolinyl group , a quinoxali- Si ( Q ) ) ( Q ) , 
nyl group , a quinazolinyl group , a carbazolyl group , wherein Qi to Q3 and Q31 to Q33 are each independently 
and a triazinyl group . selected from a C , -C10 alkyl group , a C , -C10 alkoxy 

10. The organic light - emitting device of claim 6 , wherein group , a phenyl group , a biphenyl group , a terphenyl 
Esi is selected from the group consisting of : group , and a naphthyl group . 

a pyrrolyl group , an imidazolyl group , a pyrazolyl group , 12. The organic light - emitting device of claim 1 , wherein 
a thiazolyl group , an isothiazolyl group , an oxazolyl an amount of the third compound in the emission layer 
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ranges from about 0.01 parts by weight to about 15 parts by 15. The organic light - emitting device of claim 14 , wherein 
weight based on 100 parts by weight of the second com- the first electron transport layer comprises the fourth 
pound . compound and the second electron layer comprises the 

fifth compound , or 13. The organic light - emitting device of claim 1 , wherein the first electron transport layer comprises the fifth com the hole transport region comprises a first hole transport pound and the second electron transport layer com layer and a second hole transport layer , the second hole prises the fourth compound . transport layer being between the first hole transport layer 16. The organic light - emitting device of claim 14 , wherein and the emission layer , the first electron transport layer directly contacts the emis 
wherein at least one selected from the first hole transport sion layer . 

layer and the second hole transport layer comprises the 17. The organic light - emitting device of claim 14 , wherein 
first compound . the second electron transport layer further comprises a 

14. The organic light - emitting device of claim 1 , wherein metal - containing material . 
the electron transport region comprises a first electron 18. The organic light - emitting device of claim 17 , wherein 

a weight ratio of the fourth compound to the metal - contain transport layer and a second electron transport layer , the ing material ranges from about 2 : 8 to about 8 : 2 . second electron transport layer being between the second 
electrode and the first electron transport layer , 19. The organic light - emitting device of claim 1 , wherein 

at least two compounds selected from the first compound to 
wherein at least one selected from the first electron the fourth compound have the lowest triplet energy of 2.4 eV 

transport layer and the second electron transport layer or greater . 
comprises the fourth compound , and 20. The organic light - emitting device of claim 1 , wherein 

at least one selected from the first electron transport layer at least two compounds selected from the first compound to 
and the second electron transport layer comprises the the fourth compound have an asymmetrical structure . 
fifth compound . 
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